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‘S SERIES (Aluminum) 

: €w Smaller Sizes From 0 47 uF 

010,000uF and 6.3 through 100 

2 Axial Or radial leads. Temp 
nge: —40°C to +85°C Standard 

tolerance: —10% to +50% a 
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SQ SERIES (Tantalums) _ , 
These solid tantalum capacitors provide high sta- [1 
bility, good humidity characteristics and long life. 
They're available from 0.1.F to 220F and from 
3.15 to 50 VDC. Resin dipped radial leads. Temp. 
range: —55°C to +85°C. Standard tolerance: 
+20% (+10% available). 


Achoice rol mm orzle€- lel late Mm olen 


Panasonic offers you a wide line of aluminum and tantalum 
electrolytic capacitors, plus the flexibility of bulk, reel or tape 
jexeCor le llale Mm (olm@e-b di-l Mr: lure Mme-lelt-lm(-r-loMUlali ewer: lace mm (-r-lo Mm Colauillale mele 
crimping for both axial and radial units. And they can be 
ordered from your local Panasonic distributor or our Secau- 
cus headquarters. Panasonic Electronic Components, One 
Panasonic Way, Secaucus, NJ 07094. (201) 348-7270. 


Panasonic. 
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get 0.002Hz to 2MHz, which is 


plenty broad for most 


But first, lay down that 
soldering iron and consider 





the following: applications. 

For just $295; the Model 182 en On Write Wavetek and we'll 
gives you sine, square and Segesessseses = = =F send you literature for free. 
triangle waveforms, plus X 5—_—_®—_-© f= Include $295 and we'll send 
trigger and gate functions. : : you a Model 182. Wavetek, 
Imagine getting tone bursts Model 182 $295 9045 Balboa Ave., P.O. Box 651, 
and pulse bursts out of an san Diego, CA 92112. Tel. (714) 
under-$300 instrument! or three decades) is controlled 279-2200. TWX 910-335-2007. 

What's more, the Model 182 by an external voltage 
can be used as a sweeper. applied to the instrument. WA ® 
The sweep range (up to 1,000:1 For frequency range, you ice VETTE K: 

FOR LITERATURE CIRCLE NUMBER 2 FOR DEMONSTRATION CIRCLE NUMBER 3 


If you want more 
function generator for 
the money, you'll have to 


build it yourself. 














Get I watt output from 


your H-P generator 
with a Mini-Cireuits amplifier! 








from § 199 


Need more than the 10 mw available from 
your signal/sweep generator or synthesizer 
for system and subsystem testing? 


Just add a MiniCircuits’ ZHL wideband 
amplifier and boost the 10 mw level to 1 
watt or +30 dBm. Also, there’s an additional 
benefit ... as much as 40 dB isolation will 
be added between the generator and the 
system under test. And VSWR is less than 
2:1 over the full frequency range. 


Upgrade your present generator now ... 
check the specs and low prices below and 
order your ZHL wideband amplifier today 
... and we viill ship within one week! 





0.03 - 1000 MHz 


Total safe input power +20 dBm, operating temperature 0° C to +60°C, storage temperature —55°C to +100°C, 50 ohm impedance, input and output VSWR 2:1 

























max. 


For detailed specs and curves, refer to 1979/80 MicroWaves Product Data Directory, p. 364-365 or EEM p. 2970-2971. 


2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 
Domestic and International Telex 125460 International Telex 620156 
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World's largest manufacturer of Double Balanced Mixers 


Mini-Circuits 
MINI-CIRCUITS LABORATORY 


A Division of Scientific Components Corp. 45/Rev/BM 
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GaAs ICs bring top speeds to specialized applications. 
Fiber-optic connectors take on built-in semis. 

Universal software simulator speeds wC development. 
Hybrid circuit inspections benefit from automated CCTV. 
Liquid-crystal displays take on new shapes. 


36A International section. 
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Special Report: Fiber optics, tantalum capacitors highlight ECC. 
Special Report: Data comm hinges on the OEM designer. 


Advanced NMOS codec-filter gives top performance (cover). 
Programmable chip unloads CPUs for synchronous protocols. 
Shared codecs—dquicker and easier than per-channel chips. 
Array processor teams with uP for super data comm. 

Optimize optical-modem cost/ performance. 

LEDs or semi lasers—they both have a time and a place. 
High-performance CMOS NSC800 uC handles data acquisition. 
Software for an electronic translator packs functions and data. 
ideas for Design. 


eccrine 


264 


Communications: Modem telephone simplifies data-comm. 
Demultiplexer holds down idle-channel noise. 
Hybrid optoreceiver gives broad bandwidth, low noise. 
Double-window fiber handles both 850 and 1300 nm. 
Connectors speed up terminations of fiber-optic cables. 
Multidrop data multiplexer works well beyond FDM-system rates. 
Digital Circuits: Bipolar circuits conquer support functions. 
Analog Circuits: Complete 10-bit DAC has uP bus interface. 
Fast ADC module gets faster with ‘progressive’ design. 
8-bit ADC converts in 600 ns, provides six input ranges. 
Components: Sensor chip spots moisture in IC packages. 
Power-MOS solid-state relays respond quickly to TTL signals. 
Thin-film resistor networks set ADC input range. 
Peripherals: Quiet matrix printers employ blade-mounted pins. 
Sophisticated plotter shrinks size and cost. 
Packaging & Production: Elastomeric connectors forge tight links. 
Fold-around clips package ceramic chip carriers. 
Instruments: Digital storage scope expands bandwidth. 
Microsystems: uC system covers wide application range. 
Subassemblies 265 New Literature 
Computers 271 Application Notes 
Materials 
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Components Conference centers on fiber optics, passives 
The annual Electronic Components Conference, set for late April in 
San Francisco, will survey the latest in several component 
technologies: fiber-optic receivers that operate at long wavelengths 
with vastly improved sensitivity; hermetically sealed laser diodes 
that will offer lifetimes approaching 40 years; tantalum thin-film 
capacitors deposited on silicon and other smooth-surface substrates 
that are directly compatible with high-speed semiconductor logic 
chips; and polymeric thick-film resistors that will dramatically lower 
costs and firing temperatures and allow designers to use ultralow- 
cost substrates, such as plastics and paper. 
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Special Report: Data communications has the right equipment 
End-user equipment incorporates more data-comm functions 
because end-users demand them and OEM designers deliver. This 
Special Report details the techniques for tying equipment with 
communications capabilities into working, efficient data-comm 
systems and networks. It lists the sources for such systems and, in 
six technical articles, highlights a protocol-controlled LSI, the best 
performing PCM filter chip, fiber cable for short-haul data links and 
the shared-channel approach to PCM-codec-system design. Finally, 
the report shows how to design fiber-optic telecomm systems (the 
first of a five-part series) and how yP-based array processors should 
be organized and applied to communications processing. 





cet 


ema Filter chips simplify and improve PCM 

keeps the messages moving PCM codecs need filtering to conform to Bell-system specs and, 
when used outside the system, to reduce noise, prevent aliasing and 
make voice-grade signals conform to line characteristics. Monolithic 
chips for these filters are the second step in the chain to all-LSI PCM- 
channel electronics. One LSI filter chip described can slash the per- 
channel power requirement for PCM systems. Lower power brings 
such benefits as increased reliability, lower-cost chips, smaller 
power supplies—and even smaller buildings for housing telephone 
offices and related functions. 





a 8S 


Synchronous-protocol chip relieves CPU of a big load 
Synchronous protocols are the most difficult to handle, because so 
much intelligence must be brought to bear in implementing them. 
However, these sets of data-comm rules do handle high-speed data 
efficiently and thus are becoming progressively important in data- 
comm-systems design. Much of the overhead in managing these 
protocols used to be required of the system CPU, but protocol-control 
chips have been developed to offload the CPU. One of the most 
efficient of these chips is described in this article, along with details 
of how to get it working in data-comm applications. 


ee 8 
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he HP 8620 
weeps the 
pectrum- 


Siete RA OPREELISISRISTELLLEDLS 





A versatile 


® 
1 Ta and 4 F “expand” controls; you can from octave and double-octave plug- 
mainframe. set al MHz AF Sweep even at 18 ins, several of which offer 40 mW or 
With the 8620C Mainframe, you get GHz. 8620C Mainframe, $2850. more Output power. These RF units 


the sweep modes and markers you also provide the excellent frequency 


need for both wide and narrow band Wide RF cover age accuracy, linearity, and spectral 


measurements: a full band swee : ) purity that make them ideal sources 
with 3 markers, a marker ween al » and high power. for general purpose bench and field 
the touch of a button anda AF Choose from ultra wideband RF test applications. They're especially 
sweep that can be as wide as 100% of plug-ins—10 MHz to 2.4 GHz with useful in swept frequency test sys- 
band. Plus precise frequency setabil- the HP 86222, 2 to 18.6 GHz (optional _ tems such as the HP 8410 and 8755 
ity with the convenient CW vernier to 22 GHz) with the HP 86290B—or Network Analysis Systems. 


Popular plug-ins HP-IB programmability 
include: option adds value. 


Output 
ModelNo.| Frea.Range | pom Price oe HP-IB: Not just IEEE-488, but the 
= hardware, documentation and 
support that delivers the shortest 
SYSTEMS 


path to a measurement system. 


When you add the HP-IB option ($950) to the 8620C Mainframe, you 
can program up to 10.000 frequency points per band on up to 4 bands 
with a variety of sweep modes. With the precision 86222 or 86290 RF 
units installed in the 8620C, excellent repeatability is achieved thanks 
to the exceptional frequency accuracy and linearity of these plug-ins. 

A real advantage of HP-IB is you get not only the bus architecture 
you need, but the documentation support that can help you get your 
system up and running in weeks, instead of months. 

A prime example is the scores of HP-IB automatic microwave net- 
work analyzer systems now in use. Major elements of these systems 
are the 8620C/86290B Sweeper, HP 8410 Network Analyzer, and 
HP 9825A Desktop Computer. Systems like this are fully described in 
HP Application Notes 221 and 187 Series. You can get copies of these 
plus information on the 8620C from your local HP sales office, or 
write Hewlett-Packard, 1507 Page Mill Rd., Palo Alto, CA 94304. 





Domestic U.S. prices only. 


(7) PACKARD oC ee 


CIRCLE NUMBER 6 
6 ELECTRONIC DESIGN 8, April 12, 1980 





Shared-channel codecs—better performance than per-channel 
Shared-channel codecs provide telecomm-system and equipment 
designers with another method of mating the ubiquitous analog local 
loop to long-haul PCM transmission highways. Not only can the 
shared-channel approach save money, it can provide wideband 
performance that would at best be cumbersome and costly with per- 
channel codecs. This article shows how and when to use the shared- 
channel approach. 








Fiber-optic modems—only as good as their links 

Fiber-optic modems can be inserted into short-haul links without 
reprogramming the system controls or changing the RS-232C 
interface. Then the designer must select the proper fiber cable for 
the system to perform as required and still be cost-effective. This 
article zeroes in on what to consider when comparing one fiber cable 
with another. The results could be eye-opening. 


p. 125 





The pros, the cons and the future of LEDs and diode lasers 
Telecommunications-transmission systems present a design 

— challenge, involving long distances and high reliability. This, the first 
of a series from GTE specialists in fiber-optic telecomm design, sets 
forth the criteria and tradeoffs that apply to the all-important first 
step in designing fiber-optic telecomm systems and equipment—the 
selection of an emitter. The pros and cons of the most popular 
sources, LEDs and diode lasers are thoroughly examined, creating a 
reference source of long-range value. 





p. 131 





Using the CMOS NSC800 in a microcomputer 

The NSC800 uP family, fabricated with a high-performance version 
of CMOS, will help reduce power dissipation, simplify regulation and 
improve noise immunity. Operating from a 4-MHz clock, the uP chip 
dissipates less than 5% of the power used by previous NMOS chips. 
With an architecture resembling that of the Z80 and a bus structure 
similar to that of the 8085, the NSC800 is software-compatible with 
both processors. Even better, it puts all these capabilities to use ina 
data-acquisition system. 


p. 141 


In the April 26 issue: 


Special Report on Electro ’80: An in-depth look at the technical 
sessions, plus a special section detailing the most significant 
product introductions at the show...Special Report on Counters: 
Low-end counters get intelligence... Two new test instruments 
improve on cost/ performance tradeoffs... A new 16-bit wP support 
chip...Selecting the right photodetector for a fiber-optic system. 
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With all the talk about single channel 
CODECs, why is the Cheshire Cat still grinning? 





© PMI 1979 


Because PMIs NEW DAC88/89 and DMX88 make 
shared CODECs faster, easier and less costly! 


“Would you tell me please which way I ought to go 
from here?” Alice asked the Cheshire Cat. 

“That depends a good deal on where you want to 
get to,’ said the Cat. 

“I don’t care where, so long as I get somewhere; 
said Alice. 

“Then it doesn’t matter which way you go?’ said 
the Cat. 

With that passage from Alice in Wonderland, writ- 
ten more than 100 years ago, Lewis Carroll summed 
up the feeling of today’s designers of telephone switch- 
ing equipment. They all want to convert their products 
to PCM and they don’t care which way they go as long 
as they get there. 

They should care, of course, because to go the 
wrong way can be costly. So the easiest way out of the 
woods is to follow the trail blazed by PMI’s PCM Car- 
rier, CO and PABX customers, who have been using 
multichannel shared CODECs with our COMDAC® 
companding digital-to-analog converters since 1975, 
when we first started off-the-shelf deliveries. Since 1976, 
PMI has delivered more lines of shared codec than all 
single-channel codec manufacturers combined . . . over 
a million lines in 1979 alone! 

NOW—PMI’s new DAC-88 (y-law) and DAC-89 


J 








(A-Law) COMDAC® companding D/A’ converters, 
AND PMI’s new DMX-88 8-channel de-multiplexer, 
offer faster settling time, higher accuracy, and lower 
idle channel noise. 7 

This makes shared codecs easier to use, and per- 
mits sharing more lines, while at the same time, reduc- 
ing noise, distortion and quantitizing error. 

As these tables and photographs show, shared 
codec users reduce the cost and improve the reliability 
of their systems several ways: 

* Smaller chip areas mean higher reliability as well 
as lower average cost per line. 

¢ Fewer, smaller packages save board space, and, 
more important ALSO improve reliability, since 
solder joints to PC boards are a primary source of 
failures in I.C. based circuits. 

¢ Power consumption per line is lower than most sin- 
gle line codecs, which saves power supply cost as 
well as improves reliability. 

PMI’s CODEC parts are all available right now. 
And they’re all backed by PMI’s reputation for high 
quality and reliability with our world famous Triple 
Passivation Process, and most have second sources. 

You already know how easy it is to get lost in Linear 
Wonderland, so let PMI be your guide. If you can tell 











_ PMI 24-Channel Shared CODEC IC Cost (3 Encoders at 8 Lines Each, 
_ Plus oe 24-Line Decoder) 

















: Total Power 
ee 
im. = fe mae 
Ties 2 200 3 2850 540 max. 
cMP81 Comparator 3.00 3 9.00 459 max. 
25L02S.AR. 3.30 3 Sa0. BOB mex. 
Op86 Op Amp 2.50 1 2.50 210 max. 
baton ay 25 2.95 42 max. 
: EXCLUDING MULTIPLEXERS 15 $88.85 2604 max. 
EXCLUDING MULTIPLEXERS 83/ine $3.70/line ps 
oa ee, 496 max 
ae 8-Channel 160 3 2 50 495 max. 
TNCLUDING cass al “$138, 85 = max. 
ING UUWNG MULTIPLEXERS nen ine $6.58/line : Se 





$17.00 


Intel published (24 pins 
per line 


100 piece price 22, 000 mil?) 


Mostek published (16 pins 
100 piece price 31,280 mil?) 


(NEITHER Intel nor Mostek includes the Digital Multiplexer) 
*Specified at d.c. 


Seal 


230 typ. 





, ae 
per line 


0 max. 


24-Channel PCM Shared CODEC System (includes MUX'’s) 





Chip Areas and Package Sizes for a PMI 24-Channel Shared CODEC 
(Three Each 8-Channel Encoder Plus One 24-Channel Decoder) 





Chip Area Package Number Total Chip aa” : 


Device 


(mi?) Size Required Area Pins 





DAC88/89_ 























COMDAC® 9996 18DIP 4 se,ae4 _ 
Converter  _ sis. 
SMP81 . _. _ 
$/H Amplifier 6,996 14 DIP | 3 a 20, se =. 
CMP81 Comparator 2,730 81099 3 - oe : 
25L02 Succ. APPTOX. 5 999 igpIP oe 
OP86OpAmp =—S«- 2,880 81099 1 “Fa80 ie 
REF825VoltRef. 2,520 87099 1 2520 8 
Wn lt 
MUX (Encode) 4,838 16 DIP | 3 14,514 48 
DMX88 8-Channel ok . | 
De-MUX (Decode] 4,838 : 16 OIP 3 14,514 48 
TOR Sh “( ‘(‘(‘C i‘C (‘i‘C i‘ ;C‘éCA~—O~Cé#«‘§OUNOG #«6208 
“§,796 12.4 
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us where you want to be, we can tell you how to get 
there. Then we'll both be grinning like the Cheshire 
Cat, while everyone else is still trying to find the road. 

Send in the coupon below for further details or— 
even better—for an 8-channel demo set and an engineer 
to demonstrate it for you. 


If someone beat you to the coupon, write to us. Or 
circle #200 for literature. 
1500 Space Park Drive 


® PMI Santa Clara, California 95050 


(408) 246-9222 TWX: 910-338-0528 Cable: MONO 


In Europe contact: 

Precision Monolithics, Incorporated 
c/o BOURNS AG 

ZUGERSTRASSE 74, 6340 Baar, Switzerland 
Phone: 042/33 33 33 Telex: 78722 


Precision Monolithics, Incorporated 


Cat. Please send me the following: 


1 Detailed analysis of advantages of shared codecs. 
1 Complete Telcom components catalog. 
[1 Engineer with demo set to prove it to me. 


Mail to: Precision Monolithics, Inc., 1525 Comstock Avenue, 
Santa Clara, CA 95050 


or Precision Monolithics, Inc., c/o BOURNS AG 
Zugerstrasse 74, 6340 Baar, Switzerland 
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A few of our customers say 








The others say only 98%. For almost fifteen years 
we have maintained a customer failure rate of 
2% for our “C? “S” and “W” MIL Spec power 


supplies. That's tried and true proof of reliability... 


in the field. 

Our Model “W” family of 400 Hz to DC power 
supplies is a standard throughout the world for 
critical military and aerospace applications. 
They're available with output voltages from 5 to 


Abbott MIL Spec power supplies 
are 99% perfect. 





100 VDC, current levels from 0.3 to 20 amps. 
Our “C” family of 28V DC to DC converters and 
our “S" family of 28V to 400 Hz inverters come in 
package sizes as small as 24%" x 3%" x 31/2" 
and meet the requirements of eleven separate 
MIL Specs. 
For reliability, call Abbott. For delivery, call 
Abbott. For additional information, write or 
call Abbott. See EEM or GOLD BOOK power supply sections. 


transistor 
MILITARY PRODUCTS DIVISION 


Eastern Offices, 1224 Anderson Ave., Fort Lee, New Jersey 07024 (201) 224-6900 TELEX 13-5332 
Western Offices, 5200 West Jefferson Blvd., Los Angeles, CA 90016 (213) 936-8185 TELEX 69-1398 
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New way isn’t always 
the best way 


What this industry needs is less 
effort spent on new and better ICs and 


more effort spent on improving yields 


so. that the demand for existing prod- 
ucts can be satisfied. There is nothing 
worse than having to design out (or 
avoid designing in) devices that have 
been around for three or four years but 
are in such short supply that they are 
simply not available. 

One example is the very convenient 
74LS240 series of buffers, whose exis- 
tence must simply be ignored if the 
proposed product is to be sold within 
the next year. Bipolar PROMs are an 
even better example. Over the past few 
years, other publications along with 
yours have indoctrinated designers 
about the advantages of replacing sev- 
eral packs of random logic with a 
single, suitably programmed PROM. 
However, with lead times stretching to 
two years and several manufacturers 
hinting about dropping the product, 
one would have to be foolish to even 
consider bipolar PROMs for logic re- 
placement. And then, of course, there 
is the perennial shortage of logic itself. 
I, for one, would like to see a 
moratorium on new developments un- 
til existing products are adequately 
supported. 

Another thing: You guys really need 
to be more careful when selecting head- 
lines for your feature articles. I am 
referring specifically to one on the 
cover of the March 1, 1980 issue reading 
“Meet the First Single-chip Floating- 
point Processor.” Surely you must 
know that single-chip floating process- 
ors have been around for a long time. 
Obvious examples are the Am95111 
and Am9512 made by Advanced Micro 
Devices and a similar device made by 
National Semiconductor. While the lat- 


ter is a very slow, calculator-derived 
product that uses decimal arithmetic, 
the AMD devices tie directly across a 
microprocessor bus and have quite re- 
spectable speeds of less than 60 us for 
a single precision. 

After reading the article behind the 
headline, I found the most significant 
feature of the new NS16081 device to 
be that it performs multiplications in 
less than 10 ws—that’s mainframe per- 
formance! A much better (and ac- 
curate) headline would have been: 
“Single-chip Floating-point Processor 
Multiplies in 10 Microseconds.” 

Hal Chamberlin 
Vice President, Engineering 
Micro Technology Unlimited 
P.O. Box 4596 
Manchester, NH 03108 


Ed. Note: It’s true that the AMD9511 
and 9512 have been around for a while. 
So, technically speaking, our cover line 
was not totally accurate. What we 
meant to stress is that the tightly 
coupled National NS16081 is the first 
to act as a coprocessor with the host 
CPU. The AMD devices work as a slave, 
and do not monitor instructions. Thus, 
they are strictly peripheral chips. 


A close scrape does not 
a skive make 


Skiving is used in electronics to 
shave film from foil and, in TMI’s inlay 
process (Feb. 15, 1980, p. 25), to cut a 
shallow groove in metal strip. Un- 
fortunately your report also calls it 
“scraping” —which it isn’t. As a manu- 
facturer of skiving tools, I’d like to 
clarify the lingo. 

You skive (rhymes with “drive”) 
with a sharp blade-like tool, so that 


(continued on page 14) 


aa 


Electronic Design welcomes the opinions of its readers on the issues raised 
in the magazine’s editorial columns. Address letters to Editor, Electronic Design, 
50 Essex St., Rochelle Park, NJ 07662. Try to keep letters under 200 words. 
Letters must be signed. Names will be withheld upon request. 
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Push Button 


ROTARY 
SWITCHES 


A proven design with 
more control in less space! 


Tired of being all thumbs? Switch 
to the direct approach — PUSH 
TO ROTATE! Offers more positive 
control in far less space! Available 
in 8, 10, 12 and 16 positions. All 
printed circuit codes available 
plus many custom features that 
have always been standard at 
Janco. The totally enclosed, explo- 
sion-proof feature of Janco push 
button rotary switches provides 
quick and positive selection of 
functions under the most adverse 
environmental 

conditions. 


For your next 
requirement try a 
direct approach 
aoa 67.) & Ban! ,' (610 F 


CORPORATION 


3111 Winona Ave., Burbank, CA. 91504 
(213) 846-1800 - TWX 910-498-2701 
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Dynamic Performance 


Intel delivers the 100ns, 16K 2118: Your ticket to a new 
generation of dynamic RAMs for the 5-volt world. 


Today the spotlight’s on even 
higher performance systems 
featuring faster speeds, lower 
power and higher density. Now 
Intel’s industry standard HMOS* 
2118 gives designers the fastest 
access ever in a dynamic RAM, 
lowest power, and 16K density. 
Even more important, the 2118 is 
the first of the new generation of 
dynamic RAMs operating on a 
single 5V supply and setting the 
stage for tomorrow's 64K dynamic 


RAMs when they arrive. 


Dramatic advantages 
for microcomputers 

Designers of new high perfor- 
mance microcomputer systems, 
like those using Intel’s 16-bit 
8086 or our new 8MHz 8086-2, 
require faster memory and more 
~ of it. Our 2118 is made to order. Its 





single 5V power supply operation 
makes it the first dynamic RAM 
ideally matched to the world 

of microprocessors. You'll get the 
highest density available in a 
compact, industry standard 
16-pin DIP—assuring upward 
compatibility with higher density 
devices of the future. Plus your 
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choice of three speed versions, so 
you can tailor memory precisely 
to system requirements. Asa 
microcomputer memory, the 2118 
means simpler, more compact 
designs, and outright higher 
performance. 
Rising star in main 
memory © 

It’s a 5-volt world for main- 
frame memory designers, too. 
The 2118 gives you a head start 
on 5V-only 64K RAMs with 
a producible 5V 16K that’s here 
today. The 2118 also delivers the 
speeds you need for high per- 
formance main memory. With 
a maximum access as fast as 
100ns, you get speeds as fast as 
many static RAMs, but with lower 
costs and lower power to boot. 


Premiere power saver 

Whether you're designing 
microcomputers or mainframes, 
the 2118 means dramatic im- 
provements in power dissipation. 
With 150mW active and 1lmW 
standby, you'll reduce device 
power consumption threefold 
compared with 3-supply devices. 
It means reduced overall system 
power dissipation, simpler designs, 
and far more economical cooling 
solutions. 


HMOS for reliability 
and availability 

Intel’s HMOS is the high 
performance technology that has 
revolutionized the semiconductor 
industry, combining improved 
scaling, speed, power and density 
with reliability and producibility. 
We've already delivered over 


18 million leading edge HMOS 










Maximum 

Mexia 150mw | 137mW | 126mW 
Active Power 

Maximum s4mW sicae pias 
Standby Power is m m 





devices: from our industry 


standard 2114A and 2147 static 
RAMs to our industry standard 
16-bit 8086 microprocessor. 
Today Intel brings the perfor- 
mance advantages of HMOS to 
dynamic RAMs, too. 


Start your production 
today 

Our 16K 2118 is in volume 
production and on distributor 
shelves now. To order, or for more 
information, including our 
HMOS Reliability Report #18 
and Article Reprint -71 on 
designing with the new genera- 
tion dynamic RAMs, contact 
yout local Intel sales office or 
distributor. Or contact Intel 
Corporation, Literature Depart- 
ment, 3065 Bowers Avenue, 
Santa Clara, CA 95051. 
(408) 987-8080. 


intel delivers. 


Europe: Intel International, Brussels, Belgium. 

Japan: Intel Japan, Tokyo. United States and Canadian 
distributors: Alliance, Almac/Stroum, Arrow Electronics, 
Avnet Electronics, Component Specialties, Hamilton/Avnet, 
Hamilton/Electro Sales, Harvey, Industrial Components, 
Pioneer, L.A. Varah, Wyle Distribution Group, Zentronics. 





*HMOS is a patented process of Intel Corporation. 
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(continued from page 11) 


material comes off in continuous shav- 
ings or parings, as it does with a 
carpenter’s plane. Skiving is a fairly 
fast operation. Scraping takes off ma- 
terial in tiny flecks, like filings, and is, 
by one test, fifty times slower than 
skiving; it is used commercially only 
when the objective is to remove as little 
material as possible. 

L. T. Fleming 

President 

Innes Instrument Co. . 
1830 Reiter Dr. 
Pasadena, CA 91106. 


A reader injects 
some humor—and logic? 


Is “injunction logic” (“The German 
Connection,” March 1, 1980, p. 24), used 
to make “never” gates? 





Dan Sheingold 
Analog Devices 

P.O. Box 280 

Norwood, MA 02062 


Fujitsu processor 
is the real news 


The News and Technology section in 
your March 1 issue (p. 24) contained a 
die photo and article describing a 
100,000-gate CMOS processor (173,000 
mils?). The processor is a Fujitsu de- 
sign and product, not Hitachi. 

Alan Heimlich 
Product Support Manager 
Fujitsu Micro Electronics, Inc. 
2945 Oakmead Village Court 
Santa Clara, CA 95051 


OS, not I/O 


Table 2 of our special report on 
microcomputer operating systems 
(March 15, 1980, p. 228) contains an 
error in its head, which should read 
“Summary of Major OS Character- 
istics Ranked by Usage.” Blame the 
mistake on our Software/Systems Edi- 
tor, Max Schindler, whose byline was 
inadvertently omitted. In addition, he 
will appreciate any corrections or com- 
ments on the pullout chart. 
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SPARE &-25'' X &-3" CARD IN 

— 3 MINUTES~ NO TECHNICAL PER= 
SON OR OEM SERVICE ENGINEER 
REQUIRED TO MAKE REPLACE- 
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LAAT POUT 
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“TSOLITE CIRCUIT AUTO= ~~ 
‘MATICALLY TESTS EACH ~ 
BOARD IN SCOUT SYSTEM. 


RED LIGHT SHOWS BOARD 
BEING TESTED. IF LIGHT 
GOES OFF. BOARD IS GOOD. 
TIF EIGHT STKYS ONG 
“BOARD IS BAD. 


oe REPLACES BAD BOARD WITH 


TICALLY REDUCED. | | 





SAVE money WITH SCOUT. 
GET LL-BIT CPU WITH 32K 
BYTE RAMs IA AND. CARD | 


{VOLUME PURCHASE DIS- 

/ COUNTS APPLY}. CALL. 
OR WRITE FOR MORE 
INFORMATION. | 








: NAKED MINI. Division 
WHERE OEM'S COME FIRST. =| | | 


L865) VON KARMAN, IRVINE + CA 92713. PHONE {7443 i a 4830, EXT. ngs. 
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Replace CRT’s 
With Rugged Low Cost 
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NEW PRACTICALITY COMES TO MICROPROCESSING 
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NATIONAL ANTHEM 


Series/80 


National doesn't just make over 
seventy-five Series/80 micro- 
computer products. They make them 
practical with test points, options, 
functional design and availability. 


some manufacturers build flashy boards 
loaded with far-out technology that you dont 
need and won't ever use. But not National. 
They make practical, reliable boards that do 
just what you buy them f 
And National makes more kinds of 
those practical, reliable Series/80 products 









































icrocomputer products 
brought back down to earth. 


han any other manufacturer 

The Series/80 Family is by no means 
just a second source supply. No other supplier 
beats National's reliability, functionality of 
design, user options, or variety of products. 

The Series/80 Family includes CPUs, 
memories, controllers, analog and digital I/O, 
peripheral controllers, firmware, card cages, 
power supplies, cables and just about any- 
thing you need for just about any application. 

Test procedures make them practi- 
cally perfect. National's boards are designed 
to be functional, easy to design in and totally 


consistent in operation. That's why test points 
have been designed into each board. So 
testing becomes an integral part of the design 
phase and continues throughout National's 
unique dynamic high temperature burn in. 
The longest warranty in the industry 
To further ensure reliability, you also get a full 
one-year warranty with each Series/80 
board that you buy from any of National's 
distributors worldwide. 
All from the Practical Wizards who 
finally brought space-age technology back 
down to earth. Z| 





Field- 
programmable 


PALs available 
now. 


National now offers a family of Pro- 
grammable Array Logic devices designed 
fo replace standard TTL logic. Asingle PAL 
can replace from 4 to 10 SSI/MSI packages. 
And PAL devices are fully field-programmable 
fo provide the utmost in design flexibility 
and efficiency. 

PAL basic logic implementation is the 
familiar AND-OR array, where the AND array 
is programmable and the OR array is fixed. 

PAL’s standard AND-OR logic and flex- 
ible 1/0 programming provides hitherto 
unknown design and production efficiency. 
Because logic modifications can be made 
more quickly and easily with PAL than with 
discrete random logic. 

National is producing TTL-compatible 
PALs with the same time-tested technol- 
ogy used to manufacture PROMs. And with 
15 different PAL devices to choose from 
(including both mil and commercial temp), 
logic design efficiency and reliability is 

a | truly maximized. 
Nationals enhanced 222° csc: 
capability means a dependable source of 


reliable PALs at the lowest possible cost. 74 


Be 
PAL is a trademark of and used under license with Monolithic 
Ee Memories, Inc. 


National's 8049 ,.P is smaller, and 11MHz models are 2.5 and 1.36 usec, 

faster and consumes less power. And respectively. A battery charging circuit and 
it's available now. a Schmitt triggered interrupt are also on-chip, 
which makes the 8049 ideal for sophisti- 

National is now in production with their cated battery-operated applications. 
industry standard INS8049 ,.P The ROMless The INS8049 consumes 40 to 50% 
version (8039) is available right now at less power in full operation and 12 to 35 
your local distributor. times less power in standby mode. 

The INS8049, which features 2K x 8 The INS8049 pP is in fact only one of 
ROM, 128 x 8 RAM and 27 1|/O lines on several Series 48 Family devices already in 
a single chip, is currently available in both production. All of which are fully supported 
6MHz and 11MHz versions. by National's STARPLEX development system 

And due fo their leading edge XMOS™ with ISE. The chart below describes all seven 
technology, National's 8049s boast a myr- family members. 
iad of transparent improvements. All of which National's enhanced 8049 pPs give 
result in considerable reductions in sys- you the kind of single-chip practicality you've 
tems costs. been waiting for. For less than you ever 

For example, cycle times for the 6MHz thought possible. 


PART NUMBER RAM 


8035 64x8 
8038 128 x 8 
8040* 256 x 8 
8048 64x8 1024 x8 
8049 128 x8 2048 x 8 
8050* 256 x 8 4096 x 8 


8243 T6L 1/0 EXPANDER 


“These parts are proprietary yet pin-compatible with the 8048 and 8049. 
XMOS is a trademark of National Semiconductor Corporation. 





Working 
wonders on the 
2147 4K 
static RAM. 


National's new MM2147 static RAM is 
a 4096-word by 1-bit random access mem- 
ory that uses National's XMOS™ N-channel 
silicon-gate technology. 

All of the 2147's internal circuits are 
full static. And they therefore need no clocks 
or other refreshing for operation. All data 
is read out non-destructively, and has the 
same polarity the input data has. 

The 2147's separate chip select input 
automatically switches the part to its low 
power standby mode when it goes high. And 
the output is held in a high impedance 
State during write in order to simplify your 
common |/0 applications. 

The 2147 has other impressive fea- 
tures as well. All its inputs and outputs are 
directly TTL compatible. It has automatic 
power down, and high speed — down to 55ns 
cycle time. It has aTRI-STATE® output for bus 
interface, separate Data In and Data Out pins, 
and a standard 18-pin dual in-line package. 

In addition fo all this, the 2147 is avail- 
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TRI-STATE is a registered trademark of National Semiconductor 
Corporation. 








Introducing STARPLEX 


with ISE. 


National's fully developed 
development system. 


The Practical Wizards have created an 
easy-to-use development tool that helps 
design engineers do their whole job on the 
STARPLEX development system. 

STARPLEX can not only develop soft- 
ware for 8080, 8048, 8049, 8050, 8070, 
NSC800, 8085, and Z-80 microprocessors 
plus BLC/SBC Series 80 boards, but now 
with ISE (in-system-emulation) you can also 
test, analyze and debug prototype hardware/ 
software for the same products. 

The ISE module is a separate unit incor- 
porating its own CPU, 32K bytes of user- 
programmable memory and all the necessary 
logic for breakpoints, tracing and mem- 
ory mapping. 

With ISE, you can simultaneously run 
two prototype microprocessors (in any com- 
bination). So for the first time, you can have 
real-time emulation or debugging in a multi- 





processor environment. 

National's easy-to-learn ISE software 
comes completely integrated into the STAR- 
PLEX system, including the unique Auto- 
matic Testing or “In-File” capability. In-File 
is an automatic testing mode that will 
implement a predefined sequence of tests. 
ISE can also record those results to show 
exactly how each part of the system performs 
during tests. 

Our symbolic debugging capability pro- 
vides not only the usual breakpoint condi- 
tions, but also a “coast” command which 
allows you to continue executing a pro- 
gram after the breakpoint combination has 
been satisfied. 

STARPLEX with ISE offers features not 
found in any other development system, yet 
it costs substantially less to own and oper- 
ate than any competitive system. 

Practical Wizards, indeed. “A 


STARPLEX and ISE are trademarks of National Semiconductor 
Corporation. 
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TITLE 

COMPANY 

ADDRESS 
ED CITY. 


© Copyright 1980 National Semiconductor Corporation 


Enclose check or money order based upon appropriate currency. Make checks pay- 
able to National Semiconductor. Allow 4-6 weeks for delivery. 








STATE___ ZIP 


es ee TE 


What's new from the National archives? F 


030 LJ INS8049 Data Sheet 
035 CL Additional Series/80 Information 
036 C1 Optoelectronics Handbook ($3.00) 





For desired information, mail coupon to: 
National Semiconductor Corporation 
2900 Semiconductor Drive 

Mail Stop 16250 

Santa Clara, California 95051 

In Europe, mail coupon to: 

National Semiconductor GmbH 
Industriestrasse 10 

D-8080 Firstenfeldbruck 

West Germany 


National 
Semiconductor 


The Practical Wizards 
of Silicon Valley. 
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that Teledyne 
conversion |C’s offer 


It has been written 
Semiconductor's data 
the best cost/performance Se ratios available. 

So we’re out to convert your “aust—s data. And you. 

To make you a true believer, we offer our Data Conversion Design 
Manual for a meager donation. It will enlighten you with application notes 
and specifications on our complete product line, including: 

CMOS A/D Converters: 8, 10 and 12-bit binary; 3-state outputs; 312-digit 
BCD; +¥’2-bit accuracy. 

CMOS D/A Converters: 12-bit; +/2 LBS; 2 ppm/eC temperature stability. 

V/F, FV Converters: 0.01%, 0.05%, or 0.25% linearity. | 

Voltage References: 1.22V, 5V, 10V; temperature coefficients from 8.5 to. 
100 ppm/°C. 

Regardless of whether you have a new design or second-source re- 
quirement, you'll get the best performance for the price. So send a $3.00 
check or money order for a copy of Teledyne Semiconductor's data conver- 
sion bible. And let us helo convert thy data and thee. 

Teledyne Semiconductor, Dept. D4, 1300 Terra Bella Avenue, Mountain 
View, CA 94043; Phone: (415) 968-9241, ext. 241. 


“© TELEDYNE SEMICONDUCTOR 


The Data Conversion Specialist 
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This is an offer you shouldn’t resist. To standard video sync separator for use sponse, choose either the dual-trace 147 


introduce you to the new family of oscil- with video systems or computer termi- or the single-trace 1466. For basic 
loscopes from B& K-PRECISION, we'll nals. If battery portability is essential, monitoring applications, the low cost 
let you “live with” one for up to 10 days, the B&K-PRECISION 15MHz 1432 isa 3” 1405 is the best answer. 

free! We’re confident that after trying field-proven workhorse. It’s a full- Common features of all 5” 1400 serie 
any one of our new scopes, you'll want featured 3”, dual-trace scope with an scopes include Z-axis inputs, plug-in P¢ 
to keep it for a lot longer. Of course, optional battery pack. For a 1OMHz re- board construction, scope camera- 
there’s no obligation. compatible CRT bezels, triggered swee 


Leading off our 1400 series scopes is 
the new 1479, 30MHz dual-trace Model 1405 
triggered scope. It’s ready to challenge 
your testing needs with 5 m V/cm vertical 
sensitivity, 11.7 nS rise time, 5DMHz 
triggering and built in high- and low-pass 
filters. A signal-delay line is built in to 
permit view of the leading edge of high 
frequency pulses. The 1479 also provides 
differential input capability and algebraic Se 
addition and subtraction of input signals. 


—— » Model 1466 
For those requiring only a SMHz \ —_ 


dual-trace scope, the 1477 is an outstand- Write for free 12-page color brochure. 


ing solution. Having many of the fea- 
tures of the 1479, the 1477 also offers a BS DYNASCAN 
wI¢ PRECISION CORPORATION 


international Sales, 6460 W. Cortland Street e Chicago, IL 60635 USA e 312/ 889-1448 e TELEX: 25-3475 


Before you look at another scope, 
try one of these free for 10 days! 


Model 1477 Model 1479 Model 1476 






excellent high- and low-voltage power 
supply regulation, built in calibration 
signals and cool, energy-efficient opera 
tion. 

For details contact B&K-PRECISIO} 
or your local distributor: 
Germany 02-104-31147, France 54-37-09-80, 
United Kingdom 0602-302331, Switzerland 
01-820-57-47, Belgium 02-672-8400, 
Holland 040-415547, Finland 914-12076, 
Denmark 03-28-38-41, Norway 034-86-956, 
Sweden 08-54-19-80, Greece 36.08.443-6. 


Model 1432 





FOR ADDITIONAL INFORMATION CIRCLE NUMBER 12 FOR FREE DEMONSTRATION CIRCLE NUMBER 13 








MOTEL makes Motorola, 
Intel buses interchangeable 


Up to now, peripherals and memo- 
ries connecting to Motorola’s widely 
used EXORcisor bus could not connect 
to Intel’s Multibus or vice versa— 
without adapting circuits in between. 
A circuit developed at Motorola (Aus- 
tin, TX) called MOTEL (for Motorola 
and Intel) solves the compatibility 
problems by making the buses in- 
terchangeable—virtually by itself. 

Slated to be introduced at Electro 
80, the MOTEL circuit requires three 
input pins when incorporated into a 
peripheral or memory IC. With a 
Motorola-type processor connected, the 
pins are Address Strobe, Data Strobe 
and Read/Write. When the same IC is 
used with an Intel-type processor, the 
same three pins are connected to Ad- 
dress Latch Enable, Read and Write, 
respectively. The MOTEL circuit auto- 
matically adapts to whichever type of 
processor is connected. Neither extra 
pins nor factory options are needed to 
indicate which type of MPU is con- 
nected. 

The key to the MOTEL concept is 
that the state of one of the control 
signals is latched with Address 
Strobe/Address Latch Enable. During 
Address Strobe and Address Latch 
Enable, the MOTEL circuit saves the 
state of the pin alternately connected 
to Data Strobe and Read. A high on 
that pin indicates that the peripher- 
al/memory is being driven by an Intel- 
type processor, while a low indicates 
a Motorola-type MPU. 

However, comparing differences in 
the control signals on the two buses 
shows that it’s easier to convert 
Motorola-type control signals to the 
Intel-type signals. A section of a small- 
scale IC allows Motorola MPU users to 
use Intel-type peripherals, as well as 
generic memories. 

However, Intel-type MPU users will 
not be able to take advantage of Motor- 
ola type peripherals as easily. While 
Data Strobe can easily be generated by 
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ORing Read and Write with a single 
NAND gate, the Motorola-type 
Read/Write signal, which must extend 
beyond Data Strobe, is more of a prob- 
lem. 

One of the first parts to include a 
MOTEL circuit is the MC146818 Real- 
Time Clock plus RAM, a CMOS pe- 
ripheral designed for use with CMOS 
or NMOS uPs. The MC146818, which 
includes 50 bytes of CMOS RAM for 
general-purpose use, also maintains 
time-of-day and a century-long calen- 
dar using one of three crystal frequen- 
cies. Time, calendar and control in- 
formation is read and written as bytes 
of RAM. 

The MOTEL circuit allows the part 
to directly interface with many 
multiplexed-bus MPUs. Since the 
MC146818 is difficult to use with a non- 
multiplexed MPU, a nonmultiplexed 
version will also be introduced. The 
only difference is that a larger package 
will be needed to accommodate the 
extra address pins. 


Fiber optic links 
transmit power 


More efficient photovoltaic cells may 
pave the way for power, as well as 
signal, transmission on fiber-optic 
cables, in environments where metallic 
conductors may present safety haz- 
ards. Test data released by Sandia 
Laboratories (Albuquerque, NM) for 
example, show power-conversion effi- 
ciencies up to 33.4% using a 890-um 
square GaAs mesa diode receiving 820- 
nm wavelength laser-diode radiation. 
Although power levels were low (1.34 
m W of optical power in the fiber bundle 
was converted to 0.45 mW of electrical 
power at the receiver), there are ap- 
plications where such low power can be 
useful. 

The tests, described by M.M. Robert- 
son at this year’s Electronic Compo- 
nents Conference (April 28-80 in San 





Francisco) measured the power con- 
version efficiency of a number of 
photovoltaic generators receiving 
broadband Xe arc light and monochro- 
matic laser light from fiber-optic 
bundles. 

Single 0.85-cm diameter solar cells 
from Varian produced 0.81 W of elec- 
trical power from 3.55 W of optical 
power injected into the fiber from an 
Xe light source. The maximum con- 
version efficiency, here, was 22.8%. 

A Sandia photovoltaic cell provided 
a maximum efficiency of 17.7% when 
exposed to 0.48 W of unfocused Xe arc 
light, while a Motorola diode provided 
a maximum 14.38% efficiency with 
0.63 W from the same source. 

The best results, however, were ob- 
tained when the Hughes 890 um square 
GaAs mesa diode was exposed to the 
1.34 mW light output of a fiber bundle 
powered by a laser diode at 820 mm 
(33.4%). The efficiency of a tiny 300- 
um diameter Varian GaAs dot cell 
climbed to 28.7% when exposed to a 
1.95 mW light output at 803 nm 
wavelength. _ 

The fibers used to couple laser light 
to the cells had core diameters of from 
55 um to 1000 um; the bundles varied 
from 1.58 to 6.85 mm OD. 


System employs multiple 
CPUs as masters or slaves 


Multiple 8086 CPUs cooperate in an 
advanced small computer system that 
can handle up to 16 terminals or act 
as a front-end processor, communicat- 
ing with an IBM-type host. Lazor Sys- 
tems (Sunnyvale, CA) plans to unveil 
the LAZOR computer system at the 
upcoming National Computer Con- 
ference. It supports async and bisync 
protocols. 

In a network with three internal 
buses, the 8086s operate as masters or 
slaves. A LAZOR system could in- 
corporate a master, a slave task proc- 
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essor, one or more slave I/O processors, 
multiple I/O controllers and main 
memory (with or without ECC) up to 
1 Mbyte. 

The extensive software for LAZOR 
is based on a multilevel executive, 
LAZOR MLX. The interrupt-driven op- 
erating system provides task man- 
agement, access alternatives and re- 
source management. 

The task manager schedules tasks 
for up to 16 concurrent users. Its run- 
time monitor and priority scheme pro- 
vides dynamic switching at specified 
intervals, to guarantee the timely com- 
pletion of applications. 

The system provides three types of 
high-level disk-access. The indexed se- 
quential method allows the user to 
access disk-resident data by a key re- 
cord identifier. The relative record 
method allows random access by re- 
cord number. The sequential method 
provides access beginning with the 
first record in a file. 

The resource manager of the MLX 
provides memory management and 
timer services and allocates input-out- 
put devices. The memory-management 
routines dynamically allocate and deal- 
locate memory and partition memory 
by task. The input-output routines as- 
sign physical I/O devices to logical I/O 
names, so that individual applications 
can be independent of particular I/O 
configurations. 


UCSD Pascal-low-cost 
with users’ group 


Although most Pascal programs for 
uCs use the UCSD (University of Cali- 
fornia, San Diego) version of the lan- 
guage, there hasn’t been much applica- 
tions software available. So, users have 
banded together to do something 
about it. 

The UCSD Users Group, set up by 
Datamed Research (Los Angeles, CA), 
intends to provide low-cost ($10) pro- 
grams on 8-in. single-density floppies, 
which the user can adapt to his own 
equipment. CP/M-compatible disks 
will also be offered. 

The service should prove welcome, 
especially in the light of criticisms 
leveled at the language’s development. 
UCSD, developed in part with public 
funds, has been trademarked by the 
university’s regents. Critics charge en- 
richment at the taxpayers’ expense. 

The new group is not related to the 
Pascal Users’ Group (PUG), which 
deals with standard Pascal programs 
often not available in machine-read- 
able form. 


24 


ter disk drives is or edged by Shavsit. 

ith twice the capacity of the company’s SA4000 © 

es the same interface except for the addition — 
ill se’ Bic aae in OEM a : 





1g supply jie (45 t to +30 / 
shannel, typ ‘rom Precision Monolithics — 
features a hig op 2n-loop gain of 1100 V/mV | 
0 kHz. Bach 1 Op mp's 8 common-mode rejection _ 





evelopment’ syatpnt i, 





ELECTRONIC DESIGN 8, April 12, 1980 











WHY IS FIRST COMPUTER YOUR BEST SOURCE FOR 
DEC’S LSI-11/2 AND LSI-11/23 MICROCOMPUTER 
PRODUCTS? | 

FIRST COMPUTER IS THE WORLD’S LARGEST 
SPECIALIZED DISTRIBUTOR FOR LSI-11 AND LSI-25 
MICROCOMPUTER PRODUCTS. 

No—We don't sell capacitors or resistors! We only 
RY) |r o)cole]lacwaarelaleiceraielc-xomeyva Prelixelm Xe (ell ovaat a1 
Corporation and other leading manufacturers which 
Tal avolarex=mual=) LSI- 11/2 and LSI-11/23 Microcomputer 
Products. 

FIRST COMPUTER SAVES YOU VALUADLE DOLLARS! 
Because of our volume purchasing power we can 
acquire the products at the lowest possible cost. 
Mlar-xx-mexonalare Savalele)(-mekmomelic-mial-mol-r 1m el meh cell 
able anywhere. Before you buy, TaNA=suikeeli=meleim eile 
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FIRST COMPUTER SAVES YOU VALUABLE TIME! 
Because of our large inventory we can provide you 
with off-the-shelf delivery on the complete line of 
DYfojicol Xe ell elant-valm Gels ekelcol rola kmrcle (oly mic iam aon 
computer Products. We are just a phone call away, or 
if you prefer you can TWX us your order. With pre- 
approved credit we can ship anywhere in the United 
States or Canada within 24 hours. 
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FREE TECHNICAL AND APPLICATION ASSISTANCE. 
Because we specialize in LSI-11/2 and LSI-11/23s we 
can provide you with technical assistance to help you 
rol c~ Jaa allel -mial=m el corel lee my4al (ol alel—sjmaal-1-16n\4e10] ae]eye) i 
cation requirements. We utilize these products every- 
rele Ala lole] avon vZ0¥m Golanlaal=1col(o] pm We] ole)coire] AW. Vire) a arom 
aq-sx 10] Mo lato Mi [patolol-Mucola-xxiiale Ms) A3(-1par en O10] mel ole) (corm 
tion experience can help you avoid costly mistakes. 
FULL MANUFACTURER'S WARRANTY. 

When you purchase your LSI-11/2 and LSI-11/23 
products from FIRST COMPUTER you receive the full 
aaleraleicelaivlc-1akM\-110] (alco dele cola’anw ol icelaln ae .\ i mwde] 
ranty claims will be handled by First Computer with 
courtesy & dispatch. FIRST COMPUTER stands behind 
each of the products we sell. : 

WE ARE A RECOGNIZED LEADER IN THE DISTRIBUTION 
OF LSI-11/2 AND LSI-11/23 PRODUCTS. 

Tomy colatel ar xem aalelanvaleX-1e)°)(—mel(—melialiarem coma Lb iE 
COMPUTER to provide them with their Microcomputer 
requirements. You owe it to yourself to investigate 
what FIRST COMPUTER can do for you! We stand 
i-vele hance Mey-1n',-ma Ze l0 hmm (olU ee lamolelal melameny 


TWX NUMBER 910-651-1916 


computer corporation 


corporate square/825 north cass avenue / westmont, illinois 60559/ (312) 920-1050 
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Some of our OEM customers want 

iS} Ola1@1e ere lle |domere fem aalele(siaalcm ele) |iaialce 
their equipment. Others want Intertel 
OEModems specially packaged in 
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Whatever they need, we can supply. And 
Vom @ [0 peumunmn (©) @x@10) 90) @rsla)lotsm || .<om Byelts. 
‘General, Mohawk Data Sciences, and 
Sperry Univac. 


We have ten years’ experience in the 
OEM business. Plus unparalleled capa- 
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rack-mounted, you can add Intertel 
OEModem dependability to your appli- 
cations. They're priced right, delivered on 
time, and designed to fit your 
requirements. 
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you've been looking for. 


Write for our descriptive literature .. . or 
call Tony Rotondo now for details. Intertel, 
Inc., 6 Vine Brook Park, Burlington, MA 
01803. (617) 273-0950. 
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GaAs ICs will handle 
the data crunch of 1980—and 1990 


Gallium-arsenide ICs, once consid- 
ered the toys of the military, are 
showing commercial promise, as man- 
ufacturers improve their capabilities 
to place hundreds and even thousands 
of gates on a single chip. Improve- 
ments to MESFET and JFET technol- 
ogies, entirely new structures, 
changes in the methods of processing 
GaAs material (including the use of 
undoped materials and ion implanta- 
tion) and a full range of support de- 
vices in GaAs are converging to pro- 
duce rapid drops in gate delays and 
speed/power products and equally 
rapid surges in data-processing rates. 

The performance potential of GaAs 
appears unmatchable by silicon and 
germanium. Compared to silicon tech- 
nology, GaAs offers several major ad- 
vantages: a higher electron mobility 
(typically 8500 vs 1500 cm?/V-s) and 
operation at temperatures approach- 
ing 350 C (silicon starts to deteriorate 
at about 200 C). Germanium has an 
electron mobility of about 3900, but is 
extremely temperature limited—it pe- 
ters out at about 60 C. Thus, GaAs is 
better suited to high-speed processing 
of huge volumes of data; but the sup- 
ply and cost of materials may set 
boundaries to its use. 

Predictions for GaAs devices high- 
lighted discussions at the recent 
eighth annual symposium of the Met- 
allurgical Section of the Northern 
California AIME. Richard Eden, prin- 
cipal scientist in solid-state electronics 
at Rockwell International Science 
Center (Thousand Oaks, CA) and D. 
Howard Phillips, manager of the 
Lockheed Microelectronics Center at 
Lockheed MSC (Sunnyvale, CA) fore- 
see a strong future for GaAs, while 
Richard Pashley, manager of static 
RAM engineering at Intel (Santa 
Clara, CA) expects silicon develop- 
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ments to keep pace. 

Rockwell International (Thousand 
Oaks, CA) has fabricated a 3 x 3-bit 
parallel multiplier with about 120 
gates and gate delays of about 200 ps. 
Just out of the ovens is a5 xX 5-bit 
multiplier that has about 260 NOR 
gates and measures just 44 x 53 mils. 
An 8 X 8 multiplier is in design; it has 
700 gates, a multiply time of 6 ns and 
a power dissipation of 300 mW. 

A more unusual circuit, still in the 
evaluation stage, incorporates a dual 
32-bit shift register as part of a code 
pattern generator that provides 4.3- 
billion patterns. Even operating at 1- 
Gbit data rate, the code would not re- 
peat itself for 4s. With more logic, the 
code generator could be set so as to 
never repeat in a lifetime, even at the 
high data rate. 

In these devices, Rockwell depends 


on depletion-mode Schottky-diode 
FET logic, which uses less area for 
gate inputs than the direct-coupled 
FET logic employed in enhancement- 
mode devices. In areas of just 1 x 2 
um, the Schottky switching diodes of- 
fer F's of approximately 300 GHz— 
many times higher than the maximum 
frequencies available with other de- 
vices. Thus, the circuits fabricated 
with the diodes are much more com- 
pact than direct-coupled equivalents 
and offer better performance than en- 
hancement-mode MESFETs and 
JFETs (see Table 1). 

Eden projects the reduction of prop- 
agation delays to 50 ps using MES- 
FETs with 1-um gates, further reduc- 
tions to 20 ps with 0.25 to 0.5-um 
gates, and finally a reduction to 10 ps 
by combining the 0.25-um MESFETs 
with low-temperature (about 77 C) op- 





A 5 x 5-bit multiplier built with gallium arsenide at Rockwell International 
measures 44 x 53 mils. 


re 





eration. Beyond 10 ps, new structures 
(such as heterojunction bipolar or ana- 
log triode) might be used. While the 
gate delays decrease, the speed-power 
product will also drop—to below 10 fJ 
with 1-um MESFETs, or to the same 
value with enhancement-mode MES- 
FET or JFET circuits that have propa- 
gation delays of 100 to 200 ps per 
gate. Overall, the circuit will become 
more complex. This year, the first 
1000-gate LSI circuits will be fabricat- 
ed. By 1983, Eden predicts, complexity 
levels will reach 10,000 gates in the 
laboratory. 

Reinforcing many of the comments 
by Eden, Phillips compares today’s 
GaAs technology to NMOS and CMOS 
(see Table 2). He claims that the next- 
generation communications satellites 
and other aerospace applications will 
act as one of the main driving factors 
for the use of GaAs. 

According to NASA estimates for 
1977 and 1978, existing satellites han- 
dled about 101° bits/year (generated) 
and analyzed or reduced about 101° 
bits/year. For 1986, NASA expects 
the data handling requirements to in- 
crease to about 2 x 10!®. Unless the 
processing rates are boosted—for ex- 
ample by the use of GaAs LSI—the in- 
crease in data will outstrip the han- 
dling capability. Beyond 1986, data 
rates should increase another 12,000 
to 16;000 times. 

To fabricate LSI circuits in GaAs, 
better substrate materials must be- 
come available. Few manufacturers of 
GaAs can manufacture the material to 
the desired requirements, since the 
technology is still in its infancy. Table 
3 shows some of the parameters that 
must be controlled to permit IC fabri- 
cation. 

Materials cost is another factor that 
affects the commercialization of the 
components—currently, a wafer with 
a 3-in. diameter costs $250 to $500, as- 
suming the wafer can be purchased. 
This price is almost 100 times that of 
silicon. However, the packing density 
of GaAs will permit more circuits to 
fit on the wafer, and thus help miti- 
gate the cost. 

Until recently, almost all GaAs ma- 
terial was chromium-doped to balance 
the impurities; now, undoped materi- 
als with resistivities of 108 Q-cm can 
be pulled. Ion implantation and an- 
nealing (thermal for now, possibly la- 
ser anneal in the future) permit acti- 
vations of 70 to 80%. 

Just about every manufacturer of 
GaAs ICs has abandoned diffusion 
technology for ion implantation. In 
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diffusion technology, arsenic can de- 
part from the material at high tem- 
peratures. All the results collected 
thus far indicate that ion implantation 
will perform quite well. For example, 
with a silicon ion dose of 8 x 
101*/em?, resistivity becomes 
8680/sq., mobility is about 4000 
em?/V-s, activation approaches 55%, 
and doping hits 1.45 x 1017 em~—?. 







Logic circuit 
approach 


(DCFL) 


Chip complexity 


*Voltage swing limited by gate conduction 


Table 1. GaAs FET-based digital-IC technologies 
|__| canancoment nade 


Direct-coupled 
FET logic 


MESFET JFET HJFET MOSFET| MESFET 
device 


Typical logic 
voltage swing O5Vv* O9V" 15V* i to5V Zo 0.5 to 2.0 V 
Ring Osc Ring ee Discrete ee 20 gates 60 gates 
S 


(present status) (SSI) only FETs 


One of the last factors emphasized 
by Phillips is the need for total system 
compatibility. Not only will the GaAs 
circuits have to be partitioned for 
functions, but entire families of sup- 
port circuits (from SSI to other LSI 
components) will have to be devel- 
oped. Because the circuits are intend- 
ed for high-speed operation, the logic 
swing must be made as small as possi- 
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Source: Rockwell International 









Table 2. Status of semiconductor technology 


a oe 
Relative process maturi 
ty (Scale of 1-10) 
Process complexity 9to1l5 | 14tol7 | 14to20/} 14to 20 
(No. of steps) 

oo eS 

100 to 200) 40 to 90 {100 to 200/200 to 500/300 to 1000 

Propagation delay (ns) 4to25 | 10to35/ 4to20 | 0.2to 0.4 
(typical value) (15) (20) (10) (0.3) 
Speed-power product 
(pJ) 2 to 40 | 0.5 to 30 


Logic complexity 
(No. of components, 
2-input gate) 


Packing density 
(gates/mm2) 


*As of 1980 


Future (1985-1990 


2* 


— 
* 


6 


0.05 to 0.1 
(0.07) 


0.1 to 0.2 |0.01 to 0.1 


Source: Lockheed MSC 


Parameter 


Donor concentration (cm°’) 
Hall mobility (cm?/V-s) 
Resistivity (ohm-cm) 


Dislocation density (cm~?) 
Breakdown (2-probe) (V) 





Variable 
Variable 
10° to [O° 
80 to 1200 


Source: Lockheed MSC 
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ble. In many cases manufacturers are 
talking about a 2-V power supply for 
this “generation” of GaAs circuitry. 
However, the voltage problem both- 
ers manufacturers of silicon circuits 
also, as Pashley explains. Scaling of 
the NMOS devices results in extreme- 
ly thin oxide layers that require con- 
siderably reduced voltages. But only a 
few procedures will reduce the volt- 
age stress; for example, reducing the 
operating supply voltage or placing a 
voltage regulator on the chip. The 
first solution is preferable, but opens 
up more problems. In a mixed logic 


system, different logic levels would 
be present creating a compatibility 
problem. Here again, the solution 
seems to lie in an entire family of log- 
ic circuits that operate at a reduced 
supply. 7 

Considerably more work in scaling 
has been done with NMOS than with 
GaAs. Intel’s HMOS processes com- 
bines scaling with the clever use of im- 
plants. Silicon scaling has reduced the 
speed-power product from 1 pJ in 1977 
to a projected 0.01 pJ in 1986; gate de- 
lays should go from 1 ns to 0.1 ns. 
Similarly, channel lengths (poly) will 


Connector-emitter-detector package 
pushes coupling losses below 1 dB 


A low-cost fiber-optic connector pack- 
age developed at Bell Laboratories 
goes beyond the familiar advantages 
of putting emitters and detectors in- 
side the connector housing. Besides 
lowering the cost of fiber-optic compo- 
nents, simplifying the alignment of fi- 
ber ends to light sources and detec- 
tors, and eliminating the need to 
worry about fiber alignment, the 
package from Bell Labs’ Murray Hill, 
NJ, facility is much less sensitive to 
the axial displacement of the fiber end 
at the emitter or detector junction 
than many currently available connec- 
tion schemes. | 


The optical-link package contains a 


standard GaAlAs LED, with a 35-um 
light-emitting opening on a TO-18 
header, and a 1-mm-diameter sapphire 
microlens fitted into a biconic recepta- 
cle. With a 55-ym-core-diameter fiber 
(NA=0.28), coupling losses between 
the receptacle and the connector plug 
are typically much less than 1 dB. 
Developed by Bell Labs’ B. H. John- 
son, J. G. Ackenhausen and O. G. Lort- 
mor and described at this year’s Elec- 
tronic Components Conference (April 
28 through 30 at the San Francisco 
Hyatt Regency), the optical-link pack- 
age combines some of the best fea- 
tures of the packaging schemes devel- 
oped by Motorola and AMP 
(ELECTRONIC DESIGN, April 12, 1979, 
p. 29) with the “sweet spot” microlens 
technology developed by Honeywell 
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Spectronics (see p. 47), and is capable 


of up to 1-km transmission at 32 


Mbits/s. 

The sapphire microlens makes the 
connector relatively insensitive to axi- 
al displacement of the fiber at the 
LED junction: Axial separation in the 
range of 50 to 350 um still provides 
90% efficiency with coupling losses 
less than 1 dB. This is in sharp con- 
trast to an end or butt-mating system 
in which the axis of the fiber and the 
LED aperture must be within 50 wm 
to ensure less than a 1-dB loss. In 
fact, the same LED with a 35-um 


opening but without the microlens 


shows up to 50% losses after laterally 
moving the fiber as little as 17 pm. 


Familiar packaging scheme 


The Bell Labs optical-link package 
is very similar to the economical pack- 
aging scheme provided for Motorola 
(Phoenix, AZ) emitters and detectors 
by AMP (Harrisburg, PA) with its 
plastic-ferrule connectors. With this 
scheme—called FOAC, for ‘“‘fiber-op- 
tic active connector’—Motorola man- 
ufactures integrated single-chip light 
sources and detectors inside AMP’s 
plastic ferrules. The semiconductor- 
connector combination offers trans- 
mission options up to 20 Mbits/s and 
coupling losses well below 2 dB. 

In this design, semiconductor chips 
are bonded directly to a small-diame- 
ter (204-um) optical fiber (NA = 0.48), 
and sealed with epoxy inside the plas- 
tic ferrule. The fiber end that emerges 
from the plastic ferrule is polished to 


drop from 3.3 to 0.7 wm and gate ox- 
ides will be thinner, from 700 A down 
to 100 A. For oxides this thin, supply 
voltages will have to be 1 to 2 V. 

To reach these goals, continues 
Pashley, some fundamental limits of 
materials and devices must be over- 
come: radiation-induced soft errors, 
shot noise, thermal noise, doping vari- 
ations and even inter connect scaling. 
New factors, such as hot-electron 
trapping in the gate oxide and fring- 
ing effects, must be included in device 
models to ensure that the final, fabri- 
cated IC will work properly. ma 


sit flush with the ferrule end. 
Motorola’s LED driver can put out 
up to 40 pW with a 40-mA input, while 
the receivers vary in responsivity 
from 0.15 wA/pW to 2000 pA/pW. 
More than one Motorola receiver, in 
fact, includes a built-in IC preamp 
that delivers an output on the order of 
0.6 mV/pW. 
‘ The semiconductor drivers can be 
directly mounted with the AMP con- 
nector housing on a PC board. The 
Motorola package and the fiber-con- 
nector ferrule are inserted into oppo- 





Emitters and detectors are mounted 
in the base of the connector 
receptacle in Bell Labs’ packaging 
scheme. A sapphire microlens 
improves coupling efficiency. 
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LED-to-fiber power transfer is less sensitive to axial 
displacement in Bell Labs’ connector package. With the 
microlens package, a fiber can be shifted laterally as 


site ends of the barrel, and pushed in 
until they meet at the center. The 
press fit ensures a close end-to-end 
mating of the optical fibers. 

However, Bell Labs’ research sug- 
gests that a butt-mating scheme like 
this can be very sensitive to lateral 
and axial displacements of the fiber 
ends—and if it weren’t for the close 
tolerances of the AMP metal housing 
into which the ferrules are pressed, 
the connector would probably show 
losses greater than 2 dB. Instead, by 
placing a 1-mm-diameter sapphire mi- 


crolens over the emitting aperture of 
its LED, Bell Labs expands the light- 
emitting window of the connectorized 
emitter and duplicates the ‘sweet 
spot” microlens technique developed 
by Honeywell Spectronics (Richard- 
son, TX). 7 

In Spectronics’ drivers and receiv- 
ers, a high-index glass bead is at- 
tached to the emitting or detecting ap- 
erture of the silicon chip. The device 
sits on a BeO ceramic substrate in a 
TO-46 can with an open window. Be- 
cause of the bead, the emitting aper- 


Simulator brings mini capability 
to uC-development tools 


A universal simulator—a powerful 
tool limited in the past to users of 
mainframes like the DEC System 10 
or 20—has been added to the uC de- 
signer’s arsenal by the Boston Sys- 
tems Office (Waltham, MA). Any 
PDP-11 can serve as the host. 

The SI/MICRO-11 simulator, which 
BSO plans to demonstrate at Electro 
’80 in Boston, speeds-up pC software 
development not only by providing the 
target software with a make-believe 
uP environment but also by putting 
minicomputer tools in the designer’s 
hands. Using debugging aids often 
more sophisticated than the host com- 
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puter itself, the simulator works on 
object code either provided by one of 
BSO’s cross-assemblers or download- 
ed from another development system. 
Transferring the debugging to the 
simulator, in addition to speeding up 
the function, will free the MDS for 
emulation and system integration. 

LSI/MICRO-11 debugging tools in- 
clude trace and break functions trig- 
gered by execution at a given memory 
location or register, ROM/RAM seg- 
mentation, program modification in an 
interactive mode, redefinition of sym- 
bols, complete implementation of sym- 
bolic jumps, and a DMP command 
that outputs the modified object file 
and revised symbol table. 

Since the simulator steps through 
the same instruction cycles as the tar- 


much as 23 to 25 um before showing a 1-dB loss. A 
butt-coupled fiber, in contrast, shows a 1-dB loss after 
just 10um shift off the axis. 


ture, or sweet spot, on the surface of 
the window is more than 300 to 400 
um in diameter—wide enough to pro- 
mote efficient coupling with a wide 
variety of cable types and diameters. 
LEDs using the Spectronics micro- 
lens typically are capable of launching 
up to 1500 pW into a 100-um-core-di- 
ameter fiber, with little more than 100 
mA at 1.6 V. Optical fibers within the 
diameter of the sweet spot on the TO- 
46 window, however, can tolerate as 
much as 100-um displacements from 
the axis with little apparent loss. as 


get uC, it mimicks I/O and interrupts 
realistically. Software interrupts can 
be generated anywhere in the pro- 
gram. The user can define I/O proce- 
dures with the help of macros—which 
also allow him to customize the de- 
bugger for his specific needs. 

At present, simulators for the 8085, 
Z80 and 1802 are available, with those 
for the TMS9900 and M6800 to follow 
by midyear. BSO has also been offer- 
ing SI/MICRO-10 simulators (running 
on DEC systems) for the TMS1000, 
8048 and 8080; they will be converted 
as the market develops. 

In addition to the simulator soft- 
ware (which costs $2000 to 3000), BSO 
offers complete simulator systems, in- 
cluding PDP-11 hardware. The small- 
est, supporting five simultaneous us- 
ers—each of whom can work on a 
different chip—goes for $27,000; the 
largest system uses a PDP-11/70 and 
supports over 20 users. m= 
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TV cameras, computer and printer 
make hybrid inspection a snap 


With large-scale hybrid microelec- 
tronic circuits growing more com- 
plex—a 2 x 2-in. device may contain 
60 chips and over 700 wire bonds—vi- 
sual inspections to stringent military 
standards are tedious and error prone. 
Proper hybrid inspection is so critical 
that the product assurance group at 
ILC Data Device Corp. (Bohemia, NY) 
designed their own in-house system. 

Unsatisfied with commercially 
available inspection equipment, the 
group created an automated inspec- 
tion system that is 987% more accurate 
and 80% faster than present tech- 
niques. Closed-circuit TV cameras 
peer down through two binocular mi- 
croscopes to the hybrids. A wP-based 
computer controls the movement of a 
very accurate x-y table, and the se- 
quence of wire bonds and chips to be 
inspected. Finally, a printer and key- 
board eliminate the most time-con- 
suming inspection task—report writ- 
ing. 

The hybrid under inspection sits on 
the computer-controlled x-y table, and 
the computer—not the inspector—se- 
lects the “target” or wire bond to be 
viewed. A magnified picture of the hy- 
brid is projected on a big-screen TV 
monitor by the closed-circuit TV cam- 
eras. Since the computer controls the 
entire sequence of operations, it en- 
sures the accurate inspection of all 
wire bonds and chip placements that 
must be inspected. 

To conquer the time-consuming 
task of report writing, the system has 
a printer under computer control. A 
code number identifies each type of 
defect seen by the inspector. When a 
defect is spotted, the operator enters 
the appropriate code on the system’s 
keyboard, and the type of defect plus 
its location are automatically printed 
out. Thus, conventional report writing 
no longer exists. 

The principle behind the automated 
Inspection system is a time-honored 
one—comparing a known good device 
against a part to be tested. One TV 
camera zeros-in on the good device 
while the other ‘‘sees” the identical 
wire bond or chip in the hybrid under 
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inspection. Instead of a “live” good 
hybrid, a video tape of a good part can 
be used for comparison. Both images 
are displayed side-by-side on the TV 
monitor-in a split-screen image. 

If necessary, the inspector can 
change from a split-screen to a whole- 





screen view when a wire bond or chip 
requires a closer look. Since the 
amount of magnification may be man- 
ually adjusted on the microscopes, the 
inspector has many ways to view a hy- 
brid. 

According to Dan Epstein, Vice 
President of Product Assurance, ‘The 
automated system eliminates the po- 
tential for human error.’ An inspector 
controls only the rate of sequencing, 
and even then, only slight adjust- 
ments in the machine’s overall speed 
are possible. mam 





The automated inspection system provides a split-screen TV-monitor picture. 
The known good hybrid is on the left; the device to be tested is on the right. 





Visual inspection of hybrid circuits is more accurate, faster and less taxing on 
inspectors who use the automated inspection system developed at ILC Data 
Device Corp. Its components are a closed-circuit TV system, a computer- 
controlled x-y table and a keyboard and printer. 


ELECTRONIC DESIGN 8, April 12, 1980 





ECONO/SWITCH 


SWITCHER COST BREAKTHROUGH 
YOU'VE BEEN WAITING FOR! 












THE 





Thanks to a new monolithic chip that contains all 
regulation, modulation and protective circuitry, 


Power/Mate now offers top quality switching % Brownout protection. #™ Reverse polarity protection. = Convection cooled. 
of conventional switchers. In many cases even Overload protection. = Meets UL and CSA standards. # Optional logic inhibit. 
less than the cost of quality linear supplies. @ Short circuit protection. # Convenient 3-surface mounting.# Advanced EMI filtering. 

Typical parts count is reduced 20% for a much 
higher MTBF...well over 50,000 hours...with a 4 
two year warranty to back it Up. Reliability AC Input. 85-132 and 170-264 VAC, 47-63Hz. Logic Inhibit Function — Optional. Acommandsignal between 
IS greatly improved by use of computer-aided DC Output. See charts. 4.5 and 5.5V referenced to (—) negative sense terminal 
“worst-case analysis,’ individual testing of every DC Output Adjustability. + 10% eieseia cd cone i ee 

. . Regulation. Line =0.1% + imV within AC limits specified O ; 6 sa a ritecin fis 

IC and semiconductor, and a comprehensive above. Load +0.1%+ 1mV from no load to full load vervoltage Protection. Built-in, fixed, 
burn-in program. Noiseand Ripple. S0mV peak-to-peak max., 20H2to200KHz, FTG ee ee ooh 16 muillisoconds after loee of 

The new ES Series boasts well over one watt Eicon ae : : AC input power (from nominal line voltage). 

ea: 2 mali Transient Response. Recovery to 1 % in 300 microseconds Polarity. May be either positive, negative or floating up to 

output per cubic inch, 70-80% efficiency and a fora50to 100% loadchange. 300 volts DC. 
16ms holdup time. Bt oa Provision included for improved Soft Start. Provides input current limiting at turn-on. 

But the big news is dollars per watt, a break- Overload and Short Circuit Protection. Solid state short SS MICCONe CLE eee 
through achieved through advanced design and eee te tong ees Ratt 0 Ni ote after 20 minute wath. 

s : j 125% of unit rating, thereb di i perating Temperture. Continuous duty from 
manufacturing techniques. Power/Mate’s ES be pe mtioneniy SMa Ge darene to 71°C. Full rating from O0°C to 50°C, derate linearly to 
Series switchers set the new standards for value prolonged short circuits. P 60% of {airs at 71°C. F 

PSR ae Overshoot. No voltage spikes on turn-on, turn-off or power torage Temperature. —55°C to + 85°C. 
and performance in switching power supplies for failure. Quality Control. In accordance with MIL-|1-45208. 





years to come. 


ES-C Series $79. 4.10" 3.24" x 1.68" ES-D Series $83. 6.12" x 3.24" x 1.75" ES-E Series $89. 4.62" x 4.88" x 2.00" 
MODEL VOLTAGE CURRENT VOLTAGE CURRENT VOLTAGE 

5 VOLTS 3 AMPS 

12VOLTS | _1.5 AMPS 






























































15VOLTS | 1.2 AMPS 
28 VOLTS 
36 VOLTS | 1.0 AMPS 36 VOLTS | 1.5 AMPS 


ES-F Series $149. 7.10". 488"x237" ES-G Series $189. 8.60". 488"x%237" ES-H Series $229. 10.60" x 4.88" x 2.60" 







ES24D <4 24VOLTS | 1.5AMPS 
























































































VOLTAGE CURRENT MODEL VOLTAGE 

5 VOLTS 20 AMPS 
12 VOLTS 10 AMPS 
15 VOLTS 8 AMPS 
24 VOLTS 5 AMPS 
28 VOLTS 








36 VOLTS 5 AMPS 


Options: Crowbar up to 8 Amps $8, greater than 8 Amps $16; Add Suffix V to Model No. Cover $6, Add Suffix C to Model No. Logic Inhibit $8; Add Suffix |. 


ES-36H 36 VOLTS 8 AMPS 


POWER/MATE. THE SWITCHER COMPANY. 


_514S. River St./Hackensack, New Jersey 07601 /(201) 440- 3100/TWX (710) 990-5023 
3303 Harbor Blvd./Costa Mesa, CA 92626/(714) 957-1606/TWX (910) 595-1766 


The world’s largest supplier of quality switching power supplies. 
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36 VOLTS 

















LCDs, touch switches team up 
in multimode display panel 


LCDs with built-in touch entry 
switches will inaugurate a new concept 
for information displays. Arranged in 
a 6 X 4 element matrix, each 
LCD/switch combination displays 
messages in a choice of three viewing 
modes—positive, negative or outlined 
image (see picture). 

The transmissive display element 
and other types of dichroic LCDs are 
under development at General 
Electric’s Corporate R & D Center 
(Schenectady, NY). GE will present 
performance details and a working dis- 
play panel at the International Semi- 
nar of the Society for Information 
Display (San Diego, CA) on April 28 
through May 2, 1980. 

Multimode displays offer several ad- 
vantages. Different indications—sys- 
tem status, alarm condition, etc.—can 
be assigned to a switch on the basis of 
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mode. Colored filters, placed over 
selected panel areas, can define groups 
of display elements having common 
functions. Since an operator actually 
touches the display/switch to enter 
data, the system provides unam- 
biguous I/O indications. 

The dichroic LCD is fabricated using 
standard materials and processes. Its 
multimode operation depends primari- 
ly on patterning and voltage excitation 
of three display electrodes. The symbol- 
body electrode and the background 
electrode are energized with two 
phases of a three-phase square-wave 
voltage source. Any one of the voltage 
phases can drive the third (control) 
electrode, and the display format var- 
ies according to which phase is used. 
Thus, multimode operation is ac- 
complished simply by phase-control- 
ling a single electrode. 

Also under investigation at GE are 
liquid crystals based on the solution of 
dichroic dyes as guests in colorless 
liquid crystal (cholestric) hosts. Such 
displays do not require polarizers, un- 


“= VARISTOR MULTIPLEXED LIQUID CRYSTAL DISPLAY 


———encnennenncnereenns GENERAL JE) ELECTRIC 





Varistors replace transistors as the nonlinear control devices in this reflective- 


type, multiplexed liquid crystal display. 
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Multimode LCDs are projected in any 
one of three forms, depending on the 
method for energizing the display. A 
three-phase square-wave voltage 
source provides the drive voltages. 


like twisted nematic liquid crystals, 
but are said to perform better, in terms 
of brightness and viewing angle. 

Another experiment mates a 
cholestric host with a ZnO varistor to 
fabricate reflective liquid crystal 
matrix displays (see photo). The vari- 
stor acts as a nonlinear control element 
in a multiplexed LCD system. 

Several advantages are claimed for 
the varistor technique compared to 
silicon transistors and thin-film tran- 
sistor array control elements. The 
matrices are simple to construct and 
give improved yield. Display elements 
are turned on by applying a pulsed 
voltage of a few us across the LC 
element and varistor series pair. A 70 
X 175-line matrix display, with a reso- 
lution of about 36 lines/in. has already 
been built.as 


Want to go? 


The International Seminar and 
Symposium of the Society for In- 
formation Display will be held at 
the Town and Country Hotel, San 


Diego, CA, April 28 through May 2. 
For information on the technical 
program and special seminars, 
contact Lewis Winner, 301 
Almeria, P.O. Box 343788, Coral 
Gables, FL 33134; (305) 446-8193. 
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with our breakthrough 


Add a UDS 103 LP modem to your small system design 


No AC connection 

FCC certified 

Fits under the phone 

$195 (quantity one 

Add the world’s only line-powered modem to your small 

system design. Forget about AC connections and exter- 
nal power supplies while accessing the whole dial-up tel- 
ephone network. 

Thanks to our breakthrough, the added system cost is 

only $195.00 (quantity one) for a fully Bell-compatible, 


“Confidence in Communications’ 


niversal Data Sy 


CIRCLE NUMBER 18 





See Us At NCC | 
Booth Nos., 1700, 1701, 1703, 1800 





originate only, Model 103 modem. It gives your system full 
duplex communications capability at any speed up to 300 
bps. 

Get in touch with the rest of the datacomm world. Ask 
for full details from: _ | 
Universal Data Systems 
5000 Bradford Drive, Huntsville, AL 35805 
Telephone 205/837-8100 
TWX 810-726-2100 . 
Patent Applied For 


member of 


ioCcMA 


stems LE 



















ompatible! 





PLESSEY Series 16 


Conforming to DIN 41612/VG 95324 
specifications this indirect connector 
is compatible with the EUROCARD 
pc board systems. 

0.1 inch pitch, up to 64 contacts (2 row) or 
96 contacts (3 row). 

Male connectors with 90-degree pc 
terminals; female with either wire- 
wrap or pcterminals. 

Ask for full details of Plessey Series 16. 
You'll find the price compatible too! 


PLESSEY 


CONNECTORS 


Plessey Connectors Limited, PO Box 30, Kingsthorpe, Northampton NN26NA 
Telephone: (0604) 712000. Telex: 31576 












‘F? 0619-2-0103 
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| Synthesized generator does high-frequency tests 


wee 412-digit multimeter measures true rms — 


Low-cost frequency counter goes beyond 100 MHz 


— : Function generator produces high outputs 





SIEMENS 





PCM System Analyzer 
with Phase Jitter Meter 


PUA SE OER 
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The P2014 system analyzer by Siemens can measure The meter contained in the P2014 measures phase 
all major parameters on PCM systems with 30, 120 or jitter both in the PCM system and individual compo- 





480 channels. nents. The result is automatically displayed in bits. 

As well as analyzing PCM 30 signals, the P2014 can Further information on this PCM system analyzer can 
also measure characteristics at digital interfaces. be obtained from the specialist advisers at Siemens 
This includes detecting and counting bit errors and regional offices or direct from Siemens AG, 

code violations and determining bit and code error Nachrichtenmessgerate, Postfach 70 00 79, 

rates in the range up to 34 Mbit/s using various test D-8000 Munchen 70. 

patterns. | EO Wa eR LOA a ease 





Bit errors may be caused not only by defective 
regeneration of the PCM signal but also by imperfect 
equalization as a result of phase jitter in the regene- 
rative repeaters. 


Siemens PCM system analyzer 
for 2 Mbit/s, 8 Mbit/s and 34 Mbit/s 
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International 


Fully synthesized generator conducts hf tests 


CREE BES 


Racal-Dana Instruments Ltd., Duke 
St., Windsor, Berkshire SL4 1SB, En- 
gland. (07535) 69811. Telex: 847013. 
A fully synthesized signal generator 
is the first, according to Racal-Dana, 
to meet the stringent demands of high- 
frequency communications. With a 
range of 10 kHz to 104 MHz, the 9084 





covers the entire hf radio band, as well 
as the specialized low-frequency and 
low-band vhf regions. 

The instrument features excellent 
stability and spectral purity, excep- 
tionally low-noise and rf interference, 
comprehensive modulation capabili- 
ties, precision frequency setting, sim- 


plicity of operation, programmability 
and a wide range of output voltages. 
It meets MIL-T-28800 and IEC specif- 
ications. 

The built-in frequency standard of 
the 9084 ensures a frequency stability 
of 5 parts in 10° per day. Harmonics 
are normally 40 dB below the carrier 
level, with no subharmonics. A pat- 
ented Racal transfer-loop system guar- 
antees a typical signal-to-noise ratio of 
140 dB at 1 to.100 MHz, for noise 
components that are 20 kHz or more 
from the carrier. Careful design and 
specialized shielding material elimi- 
nate carrier leakage, so that even the 
most sensitive communications re- 
ceivers are unaffected by RFI. 

The wide output range of the 9084 
is continuously variable from 0.07 nV 
to 2 Vrms into a 50-2 load. Output level 
is indicated on a front-panel meter. 
Frequency selection is by a patented 
spinwheel encoder that covers the full 
frequency range in seven bands, with 
a maximum resolution of 1 Hz. A hold 
position electronically disables the 
spinwheel and locks the output fre- 


quency at its last setting. 
CIRCLE NO. 501 


Accurate digital multimeter measures true rms 





Gould Instruments Div., Boebuck Rd., 
Hainault, Essex 1G6 3UE, England. 
(01) 500-1000. Telex: 263785. 

A 4'%-digit multimeter, the Gould 
DMM12 makes true-rms mea- 
surements on ac signals, with an ac- 
curacy of 0.05%. Readings are shown 
on a liquid-crystal display. The front 
panel, which is economically designed 
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to simplify operation of the DMM12, 
employs the latest international sym- 
bols. 

The multimeter has 27 measurement 
ranges for ac and de voltage, current 
and resistance. Optional probes mea- 
sure radio frequency and high voltages. 
The maximum resolution for voltage 
measurements is 10 wV; for current, 10 


nA, and for resistance, 100 mQ. 

A built-in circuit provides true-rms 
ac/de conversion. The converter ac- 
cepts waveforms with a crest factor 
(peak-to-rms ratio) of up to 4:1 at full 
scale. A combined ac/dc facility allows 
measurement of ac waveforms with a 
de content. Because the true-rms value 
shows the energy content of a 
waveform, the DMM12 is well suited 
to power system measurement. 

The maximum reading on the liquid- 
crystal display is 19999. The display 
incorporates separate positive or 
negative polarity indication, plus a dec- 
imal point. Overrange and “battery 
low” are also indicated. 

The DMM12 is housed in a rugged 
case and meets IEC348 and VDE speci- 
fications. Standard models are ac-line 
powered, but option BP12 gives 
portability with rechargeable cells. 
The instrument carries a two-year 


guarantee. 
CIRCLE NO. 502 
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International New Products 


Low-cost frequency counter handles 100 MHz 





Continental Specialties Corporation 
(U.K.) Ltd., Shire Hill Industrial Es- 
tate, Saffron Walden, Essex CB11 
38AQ, England. (0799) 21682. Telex: 
817477 

For just £77.55 (plus V.A.T.), the 
portable MAX-100 frequency counter 
from Continental Specialties measures 
frequencies to 100 MHz—and, for just 
£35 more, to 500 MHz by using a PS-500 
prescaler. 


What’s more, a wide range of ac- 
cessories and power-supply options 
adapt the MAX-100 input to both labo- 
ratory and field applications. 

Continuous reading is guaranteed 
from 20 Hz to 100 MHz. In addition, 
the MAX-100’s erystal-controlled time 
base is accurate to three parts in 10°, 
and a sensitive preamplifier allows 
measurements to be made with signals 
as low as 30 mV. Diode protection 


limits the peak input to 200 V. 

Readings are displayed on an eight- 
digit LED readout with characters 0.6 
in. high. The extreme left-hand digit 
flashes automatically when the input 
frequency exceeds 100 MHz. To make 
readings, the counter automatically 
samples the input for 1 second, with 
updates every 1-1/6 s. 

In addition to the prescaler, there are 
various accessories that adapt the in- 
put for specific applications. A ‘clip- 
lead input cable is supplied with the 
counter. An optional low-loss in-line 
cable tap allows use with uhf connec- 
tors. And an optional “mini-whip” an- 
tenna is available for use where direct 
coupling is not feasible. 

Users can choose from four different 
power sources. The basic instrument, 
while powered by an internal battery, 
could alternatively be powered by ac 
lines (110 or 200 V), by a mobile 12-V 
de supply, or by an external de supply. 
Battery chargers are available. 

CIRCLE NO. 503 


‘Sweeping’ function generator delivers high outputs 





N.V. Philips Gloeilampenfabneken, 
Science and Industry Div., P.O. Box 
528, 5600 AM Eindhoven, The Nether- 
lands. (040) 783455. Telex: 51573. 

An inexpensive function generator, 
the PM5132, does more than offer a 
choice of sine, triangular or square 
waves and positive or negative pulses. 
It also provides an output of 30 V pk- 
pk for continuous waveforms or 15 V 
pk-pk for pulses. What’s more, many 
adjustable sweep features are in- 
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cluded. 

Total frequency range spans 0.1 Hz 
to 2 MHz, in seven overlapping fre- 
quency subranges. Frequency setting 
is linear, and the dial allows a setting 
accuracy of +2% of the maximum 
subrange frequency. A vernier allows 
frequency adjustments of +5%. 

Moreover, the output duty cycle can 
be adjusted from 10 to 90%, and the 
output attenuation up to 80 dB—either 
continuously or in steps. Adjustable de 


offset from —10 to +10 V is provided 
for all functions. In addition, internal 
and external linear sweeps are not only 
standard but also adjustable up to 24% 
decades. And sweep time is continuous- 
ly adjustable from 50 ms to 100 s. 
Sweeps can be made either con- 
tinuously or singly, with a maximum 
frequency of around 15 kHz. In addi- 
tion, the start frequency for the sweep 
can be shifted to any point in the 
chosen subrange, with the setting inde- 
pendent of the chosen stop frequency. 
A TTL output is synchronized with 
the output function, which has a fixed 
level and the same duty cycle as the 
minimum output. Switch-output im- 
pedances allow matched operation 
with 50 or 600-2 loads, with outputs 
protected against short circuits. 
Simple pushbutton operation allows 
the PM51382 to be used by professional 
and unskilled operator alike. Moreover, 
minimal bench space is needed thanks 
to the instrument’s compact dimen- 
sions of 140 X 210 X 330 mm. With a 
power consumption of 25 W, it operates 
from 110, 128, 220 or 238 V 410%, from 


50 to 100 Hz. 
CIRCLE NO. 504 
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Today, there is hardly a real 
alternative to LED compo- 
nents. This applies to analog 
displays as well. That's why 
we developed the LED-Line. 





These compact panel units 
feature bright displays with 
numerous advantages. 





Whether you want to display 
or observe monitoring or 
tuning operations, one glance 
is enough to see the results, 


Further Contraves products 


[TT 





- Contraves ca. 
thumbwheel switches 
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Contraves Codicount, 
7-segment LED displays 
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even several results simultan- 
eously. The units are com- 
pact, mount horizontally or 
vertically, and can be read in 
darkness, too. Whether your 
input is analog or digital, 


LED-Line is ready for wiring. 


That's the new trend. 


Some technical data: 

~ 2] and 51 light points 

~ Resolution up to 2% 

- Bar or floating dot display, 
even selectable 





ie 





PTriti 
Contraves DIP-Switch, 
dual in-line switches 


I-20 133 Milano, Japan: K. K. Codix, 1-9-15 Kaigan, Minato-ku, J-Tokyo 


ELECTRONIC DESIGN 8, April 12, 1980 


CIRCLE NUMBER 184 


see 
(ree i 
7. 


as 


OLS - 45D 


PUUEELEY 


**e 2 & 8 © & BH & 


eRe & eR oe HHO 8 KE He RH 


- Zero point offset 

~- Measures positive and 
negative input voltages 

~ High input impedance 

- Analog: input sensitivity 
100 mV FS 

~ Digital: up to 6 bit binary, 
igs 


Choose from a line of 
14 standard types off the shelf. 
Send for our brochure. 





Contraves Multicount, 
switch/display modules 


Contraves AG, Schaffhauserstrasse 580, Postfach, CH-8052 Ziirich, Telefon 01/306 22 Il 


Contraves Industrial, Products Ltd., Times House, 
GB-Ruislip/Mddx HA4 8LH, Telefon (08956) 30 196 


Subsidiaries: Germany: Contraves GmbH, D-8013 Haar/Miinchen, Italy: Prodotti Industriali Contraves S. rl, 
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International New Products 


Test adapter lets you 
measure s-parameters 











Rohde & Schwarz GmbH, Pressestelle, 
Muhldorfstrasse 15, Postfach 801469, 
D-8000, Munchen 80, Federal Republic 
of Germany. (089) 41292625. Telex: 
528708. 

A test adapter, ZPV-Z5, operates 
with the Rohde & Schwarz ZPV vector 
analyzer to allow convenient meas- 
urement of all s-parameters of a two- 
port network at frequencies from 5 
MHz to 2 GHz. The adpater avoids 
troublesome modification of the in- 
strument and time-consuming re- 
calibration. A built-in IEC-bus in- 
terface allows the tests to be controlled 
by a suitable desk-top calculator. Be- 
cause of the instrument’s built-in 
VSWR bridges, tiny reflection coeffi- 
cients can be accurately measured. 
Programming of the test adapter is 
included in the basic software and in 
the special software for accuracy im- 
provement. 
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Color matrix printer 
produces CRT copies 








Integrex Ltd., Portwood Industrial Es- 
tate Church Gresley, Burton on Trent, 
Staffordshire DE11 9PT, England. 
Burton on Trent (0283) 215432. Telex: 
877106. 

Model 454C, serial matrix printer, 
has three-color capability and is in- 
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tended to provide hard copy of color 
CRT displays. The microprocessor-con- 
trolled bidirectional unit prints 250 
characters per second with a single 
print head on a9 X 9 matrix. Maximum 
line length is 155 characters. The 
standard character font is to ECMA-42. 
Custom character fonts are available. 
Vertical shifting of the three-color 
striped ribbon ensures maximum 
throughput. The printhead is momen- 
tarily retracted during color shift. Rib- 
bons are available in most color com- 
binations. Available interfaces include 
IEEE488 and various serial and par- 
allel versions. 

CIRCLE NO. 506 


Desktop computer gets 
dynamic graphics option 


Tektronix U.K. Ltd., Beaverton House, 
P.O. Box 69, Harpenden, Hertford- 
shire, England. Harpenden 63141. Tel- 
ex: 25559. 

The Tektronix 4054 desktop graphics 
computer now comes with Option 30 to 
provide dynamic graphics capability. 
This adds greater interactivity to the 
existing capability of the 4054. It allows 
the user to work directly with the 
elements of a design project. Using 


simple Basic language commands, the 


option allows the user to create and 
manipulate complex graphics objects 
with considerable speed and simplicity. 
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Dual-photodiode array 
acts as position sensor 


Laser-Optronic, Avenue de Broqueville 
222, Boite 6, B-1200 Brucelles, 
Belgium. (02) 771-2166. Telex: 61439. 

A monolithic dual photodetector, 
LD2-0, detects minute movements of a 
spot of light centered on the two 
photodiodes. The monolithic structure 
allows an extremely close spacing of 
just 0.05 mm between the diodes, 








matching of the responsivities to better 
than 5% and good spatial uniformity 
of response across the active areas. 
Diode dimensions are 2 X 0.5 mm. 
Responsivity is 0.6 A/W at 900 nm. 
Response is optimized for light 
wavelengths from 450 to 1060 nm. Rise 
time is 100 ns with a reverse bias of 
20 V. 
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Plug-in relays allow 
push-button actuation 





Pye Electro-Devices Ltd., Exning 
Road, Newmarket, Suffolk CB8 OAX, 

England. (0638) 5161. Telex: 81245 
Octal-based relays in Pye’s Series 12 
now incorporate push buttons so that 
they can be actuated manually without 
applying a coil voltage. Operating se- 
quences can be manually shortened or 
interrupted for fault analysis. Relays 
in the new series are general-purpose, 
two or three-pole, change-over types for 
ac or de operation. Contact ratings up 
to 10 A are available, with a choice of 
contact materials. Options include mod- 
els for tropical environments and ver- 
sions with neon indicators toshow when 
coils are energized. The rugged and 
compact units have molded multipin 
bases and clear polycarbonate covers. 
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Fiber-optic connectors 
suit graded-index fibers 





Hellerman Deutsch Ltd., Imberhorne 
Way, East Grinstead, West Sussex 
RH19 1RW, England. East Grinstead 
(0842) 21231. Telex: 95118. 

A connector system from Hellerman 
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Deutsch terminates and interconnects 
graded-index, single fiber cables. The 
system includes a connector plug, a 
receptacle/lens assembly, emitters and 
detectors and a fiber-breaking tool. 
Plugs can be installed easily and quick- 
ly onto the fiber with no special skills. 
Results are repeatable and insertion 
loss is less than 1 dB. 
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Rugged modules contain 
wet tantalum capacitors 





Sprague World Trade Corp., 3 Chemin 
de Tavernay, 1218 Geneva, Switzer- 
land. (022) 984021. 

Type 240D Tantapak modules are a 
packaging development of Sprague’s 
well established wet tantalum capaci- 
tors, types 709D, 737D and 738D. The 
capacitors are mounted on a printed- 
circuit board and then epoxy en- 
capsulated in a rugged flame-retardant 
module. Two case sizes are currently 
available. All components are manu- 
factured to BS9073 and the modules 
may be released to DEF STAN 05-21 
or DQAB requirements. 
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Instrument case frame 
extends sub-rack system 





Vero Electronics Ltd., Industral Es- 
tate, Chandler’s Ford, Eastleigh, 
Hampshire S05 38ZR, England. (04215) 
69911 

The KM6 case frame extends Vero’s 
KM6 sub-rack system. The system pro- 
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vides packaging designers with flex- 
ibility. Modules and plug-in units are 


interchangeable among different man- | 


ufacturers’ card-frame systems be- 
cause the system conforms to 
DIN-41494 and IEC-48D draft specif- 
ications. The free-standing instrument 
case accepts individual guides on a 
5.08-mm pitch. With guides in position, 
the case frame accepts plug-in modules 
and cards from the Vero KM6 sub-rack 
system. 
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Flexible foam sheet 
absorbs rf energy 


Eccesenre tS-26 





Emerson & Cuming (U.K.) Ltd., Col- 
ville Rd., Acton, London W3, England. 
(01) 992-6692. 

A series of high-loss, flexible, foam- 
sheet materials, Eccosorb LS, has a 
density of about 5 lb/ft* (0.08 g/cc). The 
materials absorb electromagnetic 
energy in a variety of applications. The 
foam sheet can be used to line the 
interior of a cavity to lower its Q; to 
wrap around a radiating element to 
eliminate surface currents; or it can be 
cut into wedges or tapered pieces and 
used inside waveguides as dissipative 
material. Electrical characteristics are 
uniform throughout each sheet of ma- 
terial. Standard sheet size is 24 X 24 
in. (61 X 61 cm). Thicknesses of 0.125 
in. (0.3 em), 0.25 in. (0.6 em) and 0.875 
in. are available. Sheets can be 
cemented in layers to _ increase 
thickness. The materials are available 
in a wide range of dielectric properties 
—characterized by insertion loss and 
dielectric loss factor. 
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Color-pattern generators 
aim at SECAM systems 





N.V. Philips Gloeilampenfabnreken, 
Scientific and Industries Div., P.O. Box 
523, 5600 AM Eindhoven, The Nether- 
lands. (040) 783455. Telex: 51579. 
Two color-pattern generators, PM 
5215-SECAM and PM 5217-SE- 
CAM/PAL, meet the requirements of 
various SECAM TV systems now in 
use. Both instruments offer a wide 
choice of test patterns. Their crystal- 
controlled rf outputs and their ver- 
satility make these instruments ideal 
tools for accurate video measurements 
in the professional field, as well as in 
production and quality control. Both 
can be equipped with from one to four 
different rf crystal oscillators. A ten- 
position selector allows use of the same 
rf channel for TV systems with differ- 
ing sound/vision spacing. 
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Bench-top system 
produces PC boards 


Mega Electronics Ltd., 9 Radwinter 
Rd., Saffron Walden, Essex CB11 3HU, 
England. Saffron Walden (0799) 21918. 
A self-contained production system, 
BT-3007, makes printed-circuit boards 
in sizes up to 10 X 12 in. The bench- 
top system includes five processing 
tanks, of 5-liter capacity, housed in a 
single free-standing enclosure. Com- 
plete PC production times of under 15 
min are claimed for the system. The 
tanks—for developing, washing, 
etching, washing and tinning—are 
made of impact-resistant ABS. Safety 
features offer safeguards against spill- 
age and damage during operation. 
Hinged lids protect the user from 
splashing. The BT-3007 measures 40 X 
24 X 31 in. It is supplied ready for 
connection and operation at a price of 
£405 plus VAT. A recirculation system 
is available for an additional £140. 
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Only you can analyse data...alla 
logic analyser can do is to capture 
and display data in the most versa- 
tile and convenient way for you to. 
carry out that analysis. 

In order to do that, alogic analyser 
must be capable of showing you, 
immediately, the relationship between 
software and hardware. This is a 
fundamental requirement. On Philips’ 
instruments the transition between 
digital and analog worlds ...from state 
to timing and back... is made at the 
touch of a button, providing the 


pups] Test&Measuring 


Instruments 


instantaneous relationship needed 
for fault location and analysis. 

Another very important need in 
logic analysis is ease of operation, 
since the analysis is usually complex 
enough, without having to spend time 
working out how to handle the instru- 
ment. Again with Philips this need 
has been studied in depth. 

Ease of operation starts with the 
dedicated logic probes that feature 
a micro-miniature design and a host 
of user benefits. It continues on the 
front panel, with logical controls that 








Feature summary: PM 3500 
[] logic state/timing analyser 
[} 100 MHz clock rate 

[] 16 channels 

[] 504 x 16 memory 

[] 3ns glitch catching 


[] trigger extension facilities 

[] display modes: binary, octal, 
hexadecimal,mapping, timing 

|} compare facilities 

LJ handles all logic families 

|] comprehensive diagnostic 
routines 


Feature summary: PM 3540 


[] state analyser/oscilloscope 
[1 10 MHz clock rate; 35 MHz 
bandwidth (2mvV sensitivity) 
[] 16 data channels; 

2 real-time channels 





[) 64 x 16 memory 

L] 3 clock qualifiers 

_] trigger extension facilities 

[| display modes: binary, octal, 
hexadecimal, real time 

[] compare mode facilities 

C1] built-in test routines 








give you direct access to all functions. 
In addition there are the advanced 
operator features, like smooth and 
continuous shifting of the captured 
data block, from a single control, on 
the PM 3500 and touch button paging 
through the entire data stream on the 
PM 3540. Finally, ease of operation 
ends on the screen, with versatile dis- 
plays of digital and analog datato match 
your individual analysis requirement. 
Space limitations preclude going 
into detail on other important points 
like sampling rate, memory depth and 
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glitch catching. To capture and analyse 
that data you must send for the 
brochures. 


Philips Industries 

Test and Measuring Instruments 
Dept., TQ IIl-2-15, 

Eindhoven, The Netherlands. 





PHILIPS 

















International New Products 


Spectrum analyzer 
reaches out to 60 GHz 





Tektronix U.K. Ltd., Beaverton House, 
P.O. Box 69, Harpenden, Hertford- 
shire, England. Harpenden 63141. Tel- 
ex: 25559. 

A portable spectrum analyzer, Model 
492, covers a range of 50 kHz to 60 GHz 
and features an internal microproces- 
sor-based digital control system which 
simplifies instrument use. Phase-lock 
stabilization and a resolution of 100 Hz 
permits precise signal analysis. The 
instrument’s dynamic range of 80 dB 
allows analysis of low-level signals. 
Relevant parameters are displayed 
directly in alphanumeric form on the 
CRT. Parameters displayed include all 
major control settings such as refer- 
ence level, frequency, vertical display, 
frequency span, frequency range, reso- 
lution, bandwidth and rf attenuation. 
The portable instrument weighs 18 kg 
and measures 175 X 327 X 500 mm. A 
rugged case offers environmental pro- 
tection to the MIL-T-28800G standard. 
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Attachment for voltmeter 
measures line harmonics 








Wandel & Goltermann GmbH & Co., 
Dept. VW, Postfach 45, D-7412 En- 
mgen U.A., Federal Republic of Ger- 
many. (07121) 8911. Telex: 0729838. 
The NOZ-1 harmonic measuring at- 
tachment provides a simple technique 
for measuring interference on ac power 
lines to conform with DIN and VDE 
regulations. The attachment works in 


\ 


36J 





conjunction with the manufacturer’s 
level measuring sets, type SPM-11 or 
PMG-13. Wandel & Goltermann also 
offers a free application note, which 
explains how to make the meas- 
urements and which includes con- 
version tables to derive results in the 
required units. 
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Wali-mounting enclosure 
seals out the environment 





Vero Electronics Ltd., Industrial Es- 


tate, Chandler’s Ford, FEastleigh, 
Hampshire S05 3ZR, England. (04215) 
69911. 

A wall-mounting, fully-sealed enclo- 
sure offers environmental protection 
conforming to the IEC-144 IP55 in- 
ternational standard. The enclosure 
protects equipment—housed in 19-in. 
card frames or subracks—from severe 
environmental hazards. It comes in 
four versions: with or without a swing 


_ frame, and with a metal or transparent 


door. The swing-out frame will house 
any 19-in. card frame with a height of 
3U or 6U. Also, it will house subracks 
with end-plate depths not exceeding 


240 mm. 
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Timer works for an hour 
after being unplugged 


Tempatron Ltd., 6 Portman Road, 
Reading, Berks., England. Reading 
(0734) 583033. 

The TDD timer continues to operate 
for up to an hour after it is unplugged 
from its power source. In the absence 
of external power, the timer’s internal 
CMOS circuitry is powered by a charge 
on its built-in capacitor. The timer 





should prove valuable in industrial 
process-control systems, in which 
short-term loss of power could other- 
wise be disruptive or damaging. When 
the supply voltage is applied to the 
TDD, the timer’s internal relay 
energizes and latches. Should the sup- 
ply subsequently be removed (due to 
failure or switch-off), the TDD begins 
to time but the relay remains closed. 
Only at the end of the preset time 
period (up to 1 h) will the relay unlatch. 
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Portable instrument 
tests data-comm systems 


} 





Tektromax U.K. Ltd., Beaverton House, 
P.O. Bor. 69,. Harpenden. 
Hertfordshire, England. Harperden 
63141. Telex: 25559. 

Model-833, second in the Tektronix 
line of test instruments for data-com- 
munications systems, has all the at- 
tributes of the earlier Model 832, plus 
a number of important new features. 
The 883 has the added ability to per- 
form bit-error-rate tests and block- 
error-rate tests in accordance with in- 
dustry standards. Also, it can monitor 
HDLC/NRZI data transmissions. Like 
the 832, it can calculate error-detection 
codes and features a current-loop 
adapter. Both the old and new instru- 
ments are totally self-contained in 
compact and lightweight carrying 
cases. The keyboard control system is 
designed for easy use by service techni- 
clans who need not be specialists in 
data communications. 
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AB Elektronik GmbH., 
Maria-Birnbaum 

Strasse 10a, 

8000 Munich 21, Germany. 
Tel: 089 573077/78 
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Contact your Electronic Design 
representative 


For Rates and Dates-call, write, twx: 


UNITED KINGDOM, SCANDINAVIA 
Constance McKinley 

50 Essex St., Rochelle Park, NJ 07662 
Phone: (201) 843-0550; TWX: 710-990-5071 
BELGIUM, HOLLAND, SWITZERLAND 
W.J.M. Sanders, S.I.P.A.S. 

Raadhuisstraat 24-P.0. Box 25 

1484 EN Graft-de-Ryp, Holland 

Tel: 02997-1303 and 3660 

Telex: 13039 SIPAS NL 

Telegrams: SIPAS-Amsterdam 

FRANCE 

Annick Wolff, Promotion Presse Internationale 
7 ter Cour des Petites Ecuries 

75010 Paris, France; Tel: 247-12-05 

ITALY 

Robert M. Saidel, Technimedia International 
Piazzale Cadorna 4, 20123 Milan, Italy 
Tel: 80 16 46: Telex 25897 Utidioma 
GERMANY 

Annemarie McCalla 

50 Essex St., Rochelle Park, NJ 07662 
Phone: (201) 843-0550; TWX: 710-990-5071 
TOKYO 

Haruki Hirayama, EMS, Inc. 

Sth Floor, Lila Bidg., 4-9-8 Roppongi 
Minato-ku, Tokyo, Japan; Phone: 402-4556 
Cable: EMSINCPERIOD. Tokyo 





Resistor Networks 
Series 760 DIL 
series 750 and 850 SIL 


* Standard: 47 Ohms to 220K 
Ohms, Series E12 + 2% 


* Special: 10 Ohms to 10M Ohms. 


* Custom Design: according to 
customer specification 
R—networks + 1% hybrids, 
active and passive 


* Pitch: 2.54mm measured from 
centre of pins 


* Fit for automatic handling, 
mechanically stable 


% Working temperature: 
—63°C to+150°C 


* Temperature co-efficient 
+ 250ppm/°C 
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International New Products 


Mass cable termination 
reduces labor costs 





AMP of Great Britain Ltd., Terminal 
House, Stanmore, HA? 4RS, England. 
(01) 954-2356. 

Advantages claimed for AMP’s mass 
termination assemblies (MTA) include 
lower connecting forces, simplified ap- 
plication, increased productivity and 
reduced labor costs. The PC-board in- 
terconnection systems use an insula- 
tion displacement technique for wire 
termination. Unstripped wire is forced 
into a slot narrower than its own 
diameter, and the result is a gas-tight 
joint using a fraction of the force 
needed for a conventional crimp. The 
assemblies will accept discrete wires, 
ribbon cable or jacketed flat cable. 
AMP currently offers two systems, 
MTA 100 and MTA 156, with pitches 
of 0.100 and 0.156 in., respectively. 
MTA 100 uses 0.25-in. square posts 
with housings for 2 to 28 wires. MTA 
156 uses 0.045-in., round or square, 
posts with housings for 2 to 24 wires. 
Housings are of flame-retardant 
thermoplastic and are color coded to 
allow easy identification of wire sizes. 
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Micro-based system does 
data acquisition/control 
Burr-Brown International Ltd., 


Cassiobury House, 11-19 Station Rd., 
Watford, Hertfordshire WD1 1EA, 


England. Watford (0923) 33837. Telex: 


922481 

The CS-450 system provides pro- 
grammable data acquisition and con- 
trol. Based on a microcomputer, the 
general-purpose system has a wide 
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range of potential applications—all of 
which involve capturing data and proc- 
essing it in real time. Included in the 
system are a keyboard, a display, the 
CPU, 32 kbytes of RAM and mass- 
storage facilities. Also included are 
special interfaces, a real-time 
clock/calendar and special software to 
tailor the system for a specific applica- 
tion. A range of options includes addi- 
tional RAM, dual tape-cassette drives, 
a 40-column printer, and a wide choice 
of analog I/O and isolated digital I/O 
boards. Available software for the 
CS-450 includes a number of special- 
purpose routines (such as peripheral 
drivers) and a version of extended 
Basic, modified by Burr-Brown to suit 
the requirements of the system. 
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Two-channel recorder 
has advanced features 





Ormed Engineering Ltd., 32 Hydeway, 
Welwyn Garden City, Hertfordshire 
AL? 3AW, England. Welwyn Garden 
24146. Telex: 299327. 

An entirely new two-channel direct 
writing recorder, MX216, replaces 
Lectromed’s earlier MX215 recorder. 
The MX216 features a number of ad- 
vances, including a servo pen drive 
with a patented rectilinear writing sys- 
tem, an instant electronic speed 
change, crystal-controlled paper 
speeds, solid-state event and time 
markers and built-in general-purpose 
differential preamplifiers. The new re- 
corder is fully compatible with the 
existing range of Lectromed external 
preamplifiers. 
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Epoxy resin provides 
good impact resistance 






Emerson & Cuming (U.K.) Ltd., Col- 
ville Rd., Acton, London W3, England. 
(01) 992-6692. 

A one-component filled epoxy resin 
system, Stycast 1426, offers extremely 
high impact strength. Other advan- 
tages include medium viscosity and 
short cure cycles at a relatively low 
elevated temperature of 175 F (79 C). 
Because of its impact resistance, 
Sycast 1426 is expected to find wide use 
in heavy industrial machinery where 
severe mechanical shock is prevalent. 
The hardness of the cured resin is 72 
on the Shore D scale. Flexural strength 
is 15,500 lb/in?; compressive strength, 
16,000 lb/in?. The material has a vol- 
lume resistivity of 10!4 Q-em at 25 C 
and a dielectric strength of 480 V/mil. 
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Digital thermometer 
trades range for cost 


Channel Electronics (Sussex) Ltd., 
P.O. Box 58, Seaford, Sussex BN25 3JB, 
England. Seaford (0323) 894961. Telex: 

877825 
A portable digital thermometer, 
Model D700, measures temperatures 
up to 700 C—but costs only £105. The 
price includes’ a carrying case and 
hand-held thermocouple probe. Tem- 
perature resolution is 0.1 C up to 200 
C and 1 C up to 700 C. Other features 
include automatic cold-junction com- 
pensation, long battery life and a 
surface/immersion feature which 
ensures maximum accuracy for vari- 
ous applications. The instrument can 
be supplied with rechargeable cells. A 
wide range of interchangeable 
thermocouple probes is also available. 
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FM: 
DC — 5k Hz 
at 7'Aips 


DC 
Car Battery 
(AC with AD-80) 


4 speeds 
(712, 3%, 
1%, 'Veips) 






FM 


(DR: option) 12kg approx. 


DC — 625 Hz 
* Noise Comp. & Memo capable 
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1 speed 
(174ips) 













DC 
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with CL-61 
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1 speed 
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International New Products 


Voltage-regulator ICs 
have built-in protection 





Micro Electronics Ltd., York House, 
Empire Way, Wembley, Middlesex, 
England. (01) 903-2721. Telex: 934268. 

The ML78 series of voltage-regulator 
ICs features internal current-limiting, 
thermal shutdown and safe-area com- 
pensation for built-in protection. Three 
versions are available: Type ML78M05 
is a 5-V device in a T0-220 package, the 
ML78M12 has 12-V output and a T0-220 
package, while the ML78LO05A is a 5- 
V device in a T0-92 package. The three- 
terminal regulators require no ex- 
ternal components or adjustment to 


Gas Discharge Arrester 
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This component tames 
uncontrolled surge 
voltages with lightning 
speed by a controlled 
little lightning in its inner. 


Reliable protection for 
sophisticated electric 
devices and Telecom 
equipment against over- 
voltages by thunder- 
storms or other causes. 


Further details you will find in our leaflet S 4. 


A mark 
W of safety 


Wickmann-Werke AG 


AnnenstraBe 113 - D-5810 Witten 6 - Abt. SF 
Tel. (0 23 02) 66 21 - Telex 08 229 145 
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maintain the output voltage to within 
+ 5%. Other features include low out- 
put impedance, low quiescent current 
and low noise. The T0-92 device has a 
maximum output current of 100 mA, 
while the T0-220 devices deliver up to 
500 mA. 
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Low-noise transistors fit 
hybrid designs 


N.V. Philips Gloetlampenfabnreken, 
Elcoma Div., P.O. Box 523, 5600 AM 
Eindhoven, The Netherlands. Telex: 
51573 

Several new low-noise transistors 
come in SOT-238 packages, which allow 
them to be used conveniently and re- 
liably in hybrid circuits. All the new 
transistor types have noise figures of 
less than 4 dB at 1 kHz over a 200-MHz 
bandwidth. The BCF29 and BCF30 are 
pnp types with gains of 120 to 260 and 
215 to 500, respectively. Types BCF32 
and BCF33 (npn) have gains of 200 to 
450 and 420 to 800, respectively. These 














four devices all have ratings of 20 V 
(Vogo) and 100 mA (I,). Higher-volt- 
age types BCF70 (pnp) and BCF81 
(npn) are rated at a Vogo of 45 V and 
an I, of 100 mA. Their respective gains 
are 215 to 500 and 420 to 800. All gains 
are measured at I, = 2 mA. The tran- 
sistors avoid intermetallic effects be- 
cause they contain no aluminum. 
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Professional decoder unit 
monitors teletext signals 













BARCO Electronic N.V., Noordiaan 5, 
8720 Kuurne, Belgium. (56) 35.14.11. 
Telex: 85305. 

Designed as a high quality teletext 
monitoring unit, the TTD 33 can be 
used as a separate teletext decoder in 
combination with any receiver- 
monitor. It delivers demodulated off- 
air video signals for on-site teletext 


INTERNATIONAL 





reaching an international circulation of 
nearly 20,000 subscribers including Western 
European circulation of 16,192 
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reception. All controls are located on 
the front panel. Buttons allow pretim- 
ing of data capture, selection of pages, 
stopping of rotating pages, double- 
height characters, selection of a TV 
program display while waiting for tel- 
etext information, superimposition of 
teletext information on a running TV 
program and adjustment of parame- 
ters such as color saturation and con- 
trast. A LED indicates presence of a 
teletext signal. An option allows re- 
mote control via a cable. When com- 
bined with a BARCO CM-33 monitor 


and an AVD-33 demodulator, the TTD 


33 can be used as a teletext field station 
for CATV network trouble-shooting. It 
is also valuable in development labs for 


domestic TV receivers. 
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Miniature thermal fuses 
come in 2-A version 


Spirig Industries, CH 8640 Rapperswil, 
P.O. Box 160, Switzerland. (055) 
274408. Telex: 75400. 

Spirig has augmented its range of 
miniature thermal cut-off fuses to in- 
clude a 2-A version. Other fuses in the 
range are rated at 3, 5 and 10 A. The 
new fuse provides permanent interrup- 
tion of a 2-A current from a 240-V ac 
supply. All devices in the series can be 
ordered with cut-off temperatures 
from 80 C to 180 C in several steps. The 
2-A version has dimensions of 10 X 2 
mm diameter. It can be mounted as a 
resistor or any other axial-lead compo- 
nent. 
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Low-cost LED indicators 
have brass housings 


Field Tech Ltd., London (Heathrow) 
Airport, Hounslow, Middlesex TW6 
SAF. England. (01) 759-2811. Telex: 
23734. 

The BD range of low-cost light-emit- 
ting diodes features chrome-plated 
brass housings. Available in three col- 
ors, the 3-mm LEDs come in both 
shrouded and unshrouded head styles. 
In quantities of 500 or more, red and 
green LEDs cost only 39 p each, while 
yellow LEDs cost 45 p each. Other LED 
types are available at prices from 5 p 


for a basic 5-mm GAP type. 
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30-W switcher supply 
features opto-isolation 


Farnell Instruments Ltd., Sandbeck 
Way, Wetherby, Yorkshire LS22 4DH, 
England. (0937)63541. 

The newest addition to the G range 
of switched-mode power supplies is a 
30-W unit. With dimensions of 145 x 
88 X 33 mm, the new supply comes in 
four different VA combinations at 6, 
12, 15 and 24 V. Units in the G series 


have a typical efficiency of 70% and 


tolerate wide variations of input volt- 
age—from 176 to 264 V ac, or 92 to 132 
V ac. Opto-isolated circuitry allows 
insulation tests of 5.8 kV de from input 
to output. The supplies comply with 
conducted interference requirements 
of VDE 0875 curve N, CISPR curve N 
and BS800. 
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Machines wind coreless 
coils with stripped ends 


Wafios Maschinenfabrik, Silberburg- 
strasse 5, D-7410 Reutlingen, Federal 
Republic of Germany. (07121) 1461. 
Telex: 0729666. 

Two coil-winding machines, 
FTU-0/97 and FTU-1/97, speed the 
production of single and double core- 
less coils. The machines are modified 
versions of units designed to wind coil 
springs. The new machines, however, 
not only wind coils, but also strip 
insulation from the ends. Thus, the 
finished coils are ready to be soldered 





into a circuit. The stripping feature 
works equally well with lacquered and 
thermoplastic-coated wire. If required, 
a dust-extraction unit can be fitted to 
the machines. Wire diameters from 0.2 
to 2mm can be handled. The maximum 
inside diameter for the coils is 15 mm. 
Outputs of up to 50 coils/min are 
possible. 
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Analyzer checks dynamic 
system response 





SH Labs (EMI) Ltd., Spur Road, 
Feltham, Middlesex TW14 OTD, En- 
gland. (01) 890-1477. 

A frequency response analyzer, type 
SE 2450, lends itself to the develop- 
ment, test and maintenance of vir- 
tually any dynamic control system or 
other electronic system concerned with 
gain and phase characteristics. The 
instrument can be operated manually 
via its pullout keyboard, or auto- 
matically by standard test routines 
which can be programmed into the 
analyzer. The SE 2450 represents an 
important advance in complex system 
measurements because it combines a 
range of capabilities in a single 
portable instrument. The instrument 
generates signals over a wide band of 
frequencies and measures gain and 
phase simultaneously at two separate 
points in a system. Two independent 
microprocessor-controlled correlators 
derive system operating parameters. 
Test and other data can be auto- 
matically displayed on a built-in video 
display unit or delivered electrically in 
a computer-compatible format. The SE 
2450 is fully compatible with modern 
automatic test systems and instru- 
ments. An optional IEEE-488 bus in- 
terface allows users to link the 
analyzer’s output to graphic plotters, 
hard-copy printers, computer storage 
devices or any bus-compatible pe- 
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Current sensing 
resistors for 
multi-range instruments. 


a 





Caddock’s Type 1787 
Current Shunt 
Resistor Networks. 


Absolute resistance tolerances of 0.25%, 
0.1%, 0.05% and 0.02% make these 2., 3- 
and 4-decade current shunt resistor net- 
works the ideal replacement for expen- 
sive, bulky discrete resistors. 


16 standard models are now available. 
The basic network design provides a series 
total resistance of 10009 , 1009 ,10Q and 

q . Other standard models provide com- 
monly used variations of this basic design. 


For Type 1787 data, circle Number 20. 


CADDOCK Res! 


solving problems 


High stability resistors for 
very-high voltage control 
and measurement circuits. 





Caddock’s Type MG 
High Voltage Resistors. 


High voltage probes and control circuits 
make wide use of Type MG resistors for 
precision high voltage regulation and 
high voltage measurements. 


Long-term stability — plus proven 
reliability — have also made these pre- 
cision resistors first choice in communica- 
tions satellite voltage control circuits. 


For Type MG data, circle Number 23. 





Non-inductive precision 
resistors for power 
switching circuits. 





Caddock’s Type MS 
Power Film Resistors. 


Caddock’s patented Non-Inductive 
Design in power ratings from 2 watts to 
15 watts assures minimum voltage tran- 
sients in all types of power switching 
circuits. 

High stability Micronox® resistance 
films operate to +275°C and years-long 
load-life tests demonstrate extended-life 
stability better than 0.05% per 1000 hours. 


For Type MS data, circle Number 21. 








100 Megohms ina 
miniature package. 





Caddock’s Type MK 
Precision Film Resistors. 


Precision values to 100 Megohms in a 
miniature CK 06 case make the Type MK 
ideal for low current designs. 

These non-inductive resistors find wide 
application in high-impedance analog 
circuitry. 

For Type MK data, circle Number 24. 


istor Technology 
across the board! wp 


Resistor pairs and quads 
with very low ratio TC. 


Off-the-shelf precision 
decade voltage dividers. 





Caddock’s Type 1776 
Precision Decade 
Resistor Voltage Dividers. 


When used as a 10 Megohm input volt- 
age divider, the Type 1776 family can pro- 
vide high accuracy voltage division in 
ratios of 10:1, 100:1 and 10,000:1. 

Type 1776 Precision Decade Resistor 
Voltage Dividers are now available in 25 
standard models with ratio TCs from 
50 ppm/°C to 5 ppm/°C. Caddock’s laser 
production techniques keep OEM quantity 
prices low, too. 


For Type 1776 data, circle Number 22. 








Caddock’s Type T912 and 
T914 Precision Resistor 
Networks. 


Ratio tolerances to +0.01%, ratio TCs 
of 2, 5 or 10 ppm/°C and ratio stability 
within +0.01% at full load for 2000 hours 
provide exceptional stability in precision 
analog circuits. 


Both pairs and quads have isolated 
resistors of equal value. Standard resis- 
tance values are 5 kg to 1 Megohm and 
custom variations with unequal values 
are available. 

For Type T912 and T914 data, circle 
Number 285. 


Caddock’s latest General Catalog provides complete performance data and 
specifications on over 100 models of these outstanding ‘problem-solving’ resistors. 


For your copy, just write or call to Caddock Electronics, Inc., 
3127 Chicago Ave., Riverside, Calif. 92507 — Tel: (714) 683-5361 





HIGH PERFORMANCE FILM RESISTORS 
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The common source 
for uncommon resistors. 


The leader in high voltage metal film resistor technology is also your leading source 
for special resistor design and production. Victoreen offers proven technical excel- 
lence. Proven design excellence. Proven ability to understand your needs...and 
translate them into simple high performance, low cost answers. Also, you deal 
directly with Victoreen factory sales personnel so service is fast, less expensive, 
and enables you to become involved every step of the way. Have an uncommon 
problem? You'll find the uncommon solution at Victoreen. And that’s common 
knowledge. Call or write: : 


VICTOREEN 


CIRCLE NUMBER 27 A Sheller-Globe Corporation Subsidiary 
a VICTOREEN, INC. 10101 Woodland Avenue, Cleveland, Ohio 44104 
Phone: (216) 795-8200 * TWX: (810) 421-8287 











Special Report 


ECC: Fiber optics, tantalum caps and 
plastic resistors share spotlight 


Advances in fiber-optic components and multipro- 
cess IC fabrication, the search for a stable resistor 
system that conserves gold and precious-metal pow- 
ders, and the need for standardizing the packaging 
format for VLSI circuits provide the spurs leading to 
several dramatic developments to be heralded at this 
year’s Electronic Components Conference: 

s Fiber-optic components, including gallium-alumi- 
num-arsenide (GaAlAs) lasers, will provide excep- 
tionally high data rates (up to 500 Mbits/s), thanks to 
GaAs MESFET driver amplifiers, and exceptionally 
long life (up to 40 years), thanks to hermetic sealing. 
New PIN-FET receivers will operate in the second 
window (1.1 to 1.6-u4m wavelength), handling 140- 
Mbit/s data rates with less than a 10-9 bit error rate. 

s Thin-film capacitors will show improved preci- 
sion at high frequencies. Despite their increasing 
cost, tantalum and tantalum nitrides remain the best 
candidates for deposition on silicon and other 
smooth-surfaced substrates for compatibility with 
ECL and other fast-logic processes. Discrete compo- 
nents using tantalum, in fact, will boast internal pro- 
tection fuses, as well as high capacitance in smaller 
packages. 

« Thick-film resistors will sport nonnoble metal de- 
signs: Molybdenum boride and titanium boride have 
proved to be well-suited to air-fired copper intercon- 
nections, though the resistors’ ultimate perfor- 
mance—resistance value, TCR and noise—will hinge 
on the selection of glass frit and other film-to-sub- 
strate binding materials. Plastic-based polymeric re- 
sistors, in fact, are being examined as a low-cost al- 
ternative to conventional thick films, though their 
performance will depend on the binders selected as 
well as the substrate materials. 


Fiber-optic spotlight 


For the first time, fiber-optic components will 
claim a healthy share of ECC attention. One good 
reason is a PIN-FET hybrid fiber-optic receiver in- 
tended for long-range transmission in the 1.1 to 1.6- 
um-wavelength region. It provides better perfor- 
mance than the germanium avalanche photodiodes 
(APD) currently being investigated. 





Stephan Ohr 
Components Editor 
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According to R.C. Hooper, D.R. Smith and B.R. 
White of Great Britain’s Post Office Research Cen- 
ter (Ipswich, Suffolk), this receiver improves on ger- 
manium, GalnAs, and GalnAsP APD receivers, 
which suffer from limited sensitivity due to high 
bulk current leakage and avalanche shot noise. The 
PIN-FET receiver has a —44.2-dBm sensitivity, and 
can register digital signals up to 140 Mbit/s with less 
than a 10-9 bit error rate. A GaInAs/GaAs p-i-n pho- 
todiode, coupled with a 0.7 x 300-um-gate GaAs 
MESFET preamplifier (Plessey GAT5), is employed 
by the receiver. The gate-source capacitance for the 
preamp is 0.23 pF, and gate leakage is less than 10 
nA. In addition, the p-i-n photodiode requires a 20-V 
bias, but has a capacitance less than 0.1 pF and a 
dark current less than 20 nA. 

Another significant fiber-optic development is a 
fast-responding, low-voltage p-i-n photodetector 
from the Spectronics Division of Honeywell (Rich- 
ardson, TX). Though capable of low-cost manufactur- 
ing, the detector device provides high reliability with 
hermetic sealing and easy coupling with a wide vari- 
ety of optical fibers. Incorporating Spectronics’ 
“sweet spot” technology, the photodetector has a re- 
sponsivity better than 0.34 wA/ywW at 820 nm, a re- 
sponse time (10 to 90%) less than 3 ns, and a depletion 
voltage less than 5 V. Dark current for the device is 





This fast-responding, low-voltage p-i-n photodetector 
employs ap active junction inside ann epitaxial 
layer. The top of Spectronics’ chip is 800 um square, 
with a photosensitive area 265 um in diameter. 
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less than 1 nA, with 10 pA typical. 

As reported by Bobby Hawkins and R. Stephen 
Speer, optical-fiber coupling of many devices can be 
made more efficient by varying the depletion-layer 
widths of silicon p-i-n photodiodes. A large chip area 
will promote good optical transmissions into a vari- 
ety of optical-fiber types and widths, but will also 
consume more power, calling for depletion voltages 
on the order of 15 to 100 V. Wide depletion areas, 
moreover, will provide good responsivity but will 
slow down the response time. Narrow depletion 
widths, on the other hand, will encourage fast re- 
sponse time, but will lower the responsivity. 

Spectronics’ solution is to map out a depletion 
width on an epitaxial structure—that is, make it nar- 
row but deep. A p— boron diffusion forms the active 
junction inside an n— epitaxial layer. The top is the 
800-um square. The active junction area is 165 um, 
with an unobscured active area of 100-um diameter 
inside an annular metal anode. The total photosensi- 





Tantalum thin-film capacitors provide lower dissipation 
factors at high frequencies with an aluminum underlay, 
according to findings released by Bell Laboratories. 





The leakage current of tantalum thin-film capacitors is 
much lower on smooth-surfaced substrates such as 
sapphire, glazed alumina and polished polycrystalline 
alumina than on thick-grained substrates. According to 
research conducted at Fujitsu, an additional layer of 
tantalum nitride slightly reduces the current leakage of 
unpolished polycrystalline alumina (left). 
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tive area has a diameter of 265 um. 

A high-index glass bead (n = 1.9), mounted to the 
detector’s surface with RTV silicone rubber, effec- 
tively focuses the light output from 50 to 200-um- 
core diameter fibers (NA from 0.25 to 0.50) into the 
detector. When mounted in a BeO substrate, inside a 
TO-46 can, the p-i-n detector provides a uniform re- 
sponse area, or “sweet spot,”’ which is 300 um in di- 
ameter. : 

The same technology, in fact, is harnessed to a 
Spectronics planar double-heterostructure GaAlAs 
LED, also described by Hawkins and Speer. A high- 
efficiency double heterostructure consisting of n— 
GaAs and n— GaAlAs layers on a p— substrate, 
with a high-index glass bead sitting on the etched 
window of the chip, is employed by the LED to pro- 
vide a measured 275 to 350 pW into a 100-um fiber 
core. Typical voltage drop is 1.6 V and drive current 
is 100 mA. The response time (rise time) is typically 
12 ns, with maximum power output in the vicinity of 
820 nm. 

GaAlAs LEDs aside, GaAlAs lasers are the sub- 
ject of two discussions. K.H. Cameron, M.R. Mat- 
thews, K.R. Preston and D.W. Smith of the British 
Post Office Research Center will describe the pack- 
aging and construction of a hybrid laser transmitter 
that sports fast rise and fall times on the order of 500 
ps and modulation capability in excess of 500 Mbit/s. 
William H. Dufft of Bell Telephone Laboratories 
(Reading, PA) will present a long-life double-hetero- 
junction laser that emits light in a 7 x 40° elliptical 
pattern from a 0.12-um-long p-active area sand- 
wiched between p— and n— GaAlAs layers. 

An ECL-compatible GaAs MESFET amplifier 
drives the British Post Office laser with a 75-mA 
drive current from a £5 V supply. The stripe laser is 
capable of launching 38 to 50% of the power into a 
125-um-OD fiber having a 62-um-core diameter (NA 
= 0.2) with the aid of a microlens. Total power con- 
sumption is approximately 600 mW. 

The Bell Labs laser has stripe-geometry and heter- 
ojunction layers that enable it to operate at much 
lower current densities than can be achieved with ho- 
mojunction structures. It can deliver more than 3.6 
mW into a 50-um fiber core having a cladding diame- 
ter of 125 um and an NA of 0.28. | 

Moreover, the GaAlAs laser is projected to have a 
lifetime of 40 years while operating at room tempera- 
ture. The reasons? Hermetic packaging and environ- 
mental testing. - 


Thin film capacitors—still tantalum 


Despite the spiraling cost of tantalum, there seems 
to be no decrease in interest in high-precision tanta- 
lum capacitors. 

Up to now, thin-film Ta capacitors for high-preci- 
sion applications have been limited to frequencies be- 
low 10 kHz because of the resistance of the Ta an- 
ode, which tends to increase the dissipation factor at 
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4242 20k 20 k -1040 21k -820 25 k 








Note: All silver conductors cured 1 h at 120C. 
Resistor size 5mm x 2.5 mm (wide). 


Binder 
system 


Typical resis. | Dried thick- 
(mQ/L) 


ness (uz) 


Polyester 
Polyester 


Polyvinyl 
Acrylic 
Acrylic 


BCA = butyl ‘“‘cellosolve” acetate 


high frequencies. However, according to L. G. Fein- 
stein and R. G. Pagon of Bell Labs in Allentown, PA, 
depositing the Ta on top of an aluminum film re- 
duces the series resistance of the capacitor as well as 
the dissipation factor. In this way, the capacitor’s 
frequency range is extended to 1 MHz. 

The process involves depositing 0.25 to 1.0 pm of 
Al by evaporation (or magnetically enhanced sputter- 
ing) on a glazed alumina substrate. Nitrogen-doped 
Ta is deposited over the Al layer by magnetically en- 
hanced sputtering or de processes. The capacitors 
are patterned and anodized for 190 V. 

Comparing performance factors such as capaci- 
tance change, temperature coefficient of capacitance 
(TCC), dissipation factors, and leakage currents with 
those of Ta thin-film capacitors not having the alumi- 
num undercoat reveals some interesting results. 
Without the Al underlay, a 3300-pF capacitor has a 
typical dissipation factor of 0.07. In contrast, from 1 
to 100 kHz, the dissipation factor (tan 6) is less than 
0.002 for 700 and 3300-pF capacitors having the Al 
underlay. And at 1 MHz, the dissipation factor is 
0.0026 for the 700-pF capacitor and 0.005 for the 3300- 
pF capacitor. 

The Al undercoat, it should be noted, apparently 
does not affect the capacitance value, the leakage 
current or the TCC. However, the leakage current of 
tantalum thin-film capacitors does appear to be influ- 
enced by granular structure of the substrate on 
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Characteristics of polymer resistors on various substrates 
(measured resistance and TCRs from +25 to +125 C) 


Epoxy Enameled 
Paper Paper Mylar glass Polyimide | Aluminum 


4929 4049 6838 6838 | 6838 | 6838 6838 


Nominal 
Product value 
number (/L)) TCR TCR TCR 





R R R 
4215 50 Ze -500 Zo -700 40 +332 +600 a4 54 
4222 200 61 -860 66 -920 114 +173 |188 +420 105 158 192 163 
4232 2k 16k -1350 16k -820 19k +104 3.0k +180 2.3K 26 k 2.9k 2.2K 


+380 













R TCR Cee 
62 30 62 





















45k +450 17.9 k 23 k 11.9 k 31.6k 











All resistors cured 6 h at 120 C. 


Vapor press. 
solvent 
(25 C-mm) 


Vapor press. 
solvent 
(95 C-mm) 


Excellent | Benzyl 
alcohol 
Good Benzyl 
alcohol 
Good BCA 
Fair BCA 
Fair BCA 


which it is deposited. That’s the conclusion of Masa- 
taka Koyama, Minoru Terashima and Masateshi Fu- 
jimeri of Fujitsu (Kawasaki, Japan). They also con- 
clude that alpha-tantalum films magnetically 
sputtered on the surface of glazed alumina, polycrys- 
talline alumina, polished polycrystalline alumina, so- 
dium glass, Pyrex glass, quartz and sapphire sub- 
strates show somewhat lower capacitance and 
significantly higher leakage currents on polycrystal- 
line alumina than on the smoother, glassy sub- 
strates. On polycrystalline alumina, the capacitance 
density proves to be 5 to 10% less than on the surface 
of glassy substrates. And current leakage at 50 V 
tends to increase dramatically after one minute. 

The Fujitsu group believes that alpha-tantalum 
forms differing structures on polycrystalline alumi- 
na and on smoother substrates. The structure, in 
fact, can be altered by building it over a layer of 
highly nitrogen doped tantalum nitride, and increas- 
ing the thickness of the alpha-tantalum film from 
5000 to 9000 A. Consequently, the current leakage of 
the resulting capacitor comes much closer to perfor- 
mance on amorphous substrates. 

Meanwhile, M. H. Rottersman, R. C. Petetti, A. R. 
Adolt, and M. J. Bill from Bell Labs in Allentown re- 
port that while the impact of reducing the anodiza- 
tion voltage from 190 to 70 V may be small on dissi- 
pation factor, TCC and dc leakage current, the effect 
of nitrogen concentration on alpha-tantalum films is 
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very significant. Increased nitrogen concentration, 
for example, tends to lower the capacitance value by 
approximately 7%. The impact of nitrogen concentra- 
tion on TCC (120 to 170 ppm/°C) and dissipation fac- 
tor (less than 0.0020), however, is typically less se- 
vere. 

Other tantalum-capacitor developments include a 
solid-tantalum capacitor with an internal fuse from 
Union Carbide (Greenville, SC) and a new solid-tanta- 
lum device from Sprague (North Adams, MA). 


The nongold rush 


Over in thick-film resistors, the skyrocketing cost 
of gold and other precious metal is intensifying the 
search for nonprecious-metal substitutes in resis- 
tors, capacitors and interconnections. 

The quest has produced results at the National 
Cheng-Kung University in the Republic of China 
(Taiman, Taiwan). A group there has recently discov- 
ered that a composition of glass frit and other thick- 
film binders affects the performance of a nonnoble 
metal resistor as much as metal powder. As reported 
by Tien-Shou Wu, Toyotaro Shiramatsu, Wen- 
Chyuan Sheu and Be-Wei Chen, an air-fired copper 
conductor system, while providing good interconnec- 
tion results, is not compatible with resistor systems 
based on noble-metal oxides such as ruthenium oxide 
or palladium oxide. 

Experiments at Cheng-Kung University reveal 
that only resistor compositions with molybdenum 
boride (MoB,) or titanium boride (TiB,) prove to be 
compatible with air-fired interconnections, though 
resistor characteristics tend to vary widely with the 
composition of the glass binding materials. With 
such materials occupying 30% of the weight of the 
thick-film material, a glass composition of lead-boro- 
silicate, modified with Bi,O,, for example, would pro- 
vide totally different sheet resistivities for the mo- 
lybdenum and titanium powders. This glass 
composition produces a sheet resistivity of 120 O per 
square for the MoB, resistor, and 800 /sq for the 
TiB, resistor. 

Paradoxically, glass-binder compositions yielding 
the highest sheet resistivity also provide the weakest 
temperature coefficients. In MoB,, for example, lead 
borosilicate (70 PbO/18 B,O,/12 SiO,) produces a 
maximum sheet resistivity of 2760 0/sq, but a loose 
temperature coefficient of +2825 ppm/°C. An alu- 
mino-borosilicate (42 BaO/40 SiO,/9 ZnO/6 B,O,/3 
A1,0.) glass binder, in contrast, provides a sheet re- 
sistivity of only 212 0/sq in MOB,,but a tight nega- 
tive tempco of —7 ppm/’°C. (In all experiments, resis- 
tor compositions were fired to copper interconnection 
lines on an alumina ceramic substrate.) 

Not only will the composition of binding materials 
significantly influence the properties of resistors and 
conductors on alumina hybrid substrates, but they 
also will affect the properties of thick-film materials 
on Mylar, other polyesters and plastics. The special 
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A 68-pin multiple-in-line package (from Bell Labs) mates 
a JEDEC chip carrier to a DIP-configured PC board using 
an epoxy-glass adapter with four rows (0.300 in. apart) 
of 17 pins (0.100 in. apart). 


problems of adhering thick films to Mylar, as in the 
manufacture of membrane switches, will be dis- 
cussed by W. T. Hicks, T. R. Allington and Van John- 
son of DuPont Co.’s Electronic Materials Division 
(Wilmington, DE). The proliferation of low-cost hy- 
brid-circuit substrates such as Kapton, polyimide, ep- 
oxy glass and even paper has not only intensified sil- 
ver conductor research but has also sponsored the 
development of polymer-based resistor compositions 
as well. 

Four soon-to-be-announced DuPont resistor com- 
positions, for example, use binding material of phe- 
nolic resin. 

Four basic resistance values will be provided: 50- 
O/sq nominal sheet resistivity from the 4215, 200 
0/sq from the 4222, 2 kN/sq from the 4232 and 20 
kQ/sq from the 4242. As the table indicates, poly- 
meric thick-film resistors will provide relatively con- 
sistent values on a wide variety of substrates, even 
though, as the DuPont researchers note, the solvent 
material tends to seep into the pores of different sub- 
strates—leaving dried, relatively conductive carbon 
particles on the surface—and lower the resistance 
values somewhat. The more impervious substrates 
like enameled aluminum, polyimide and epoxy glass 
provide consistently higher resistance values. as 
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33 MG switchers that meet international standards. 


West Germany’s VDE defines the toughest power 
supply standards in the world. And all MG switchers 
meet both VDE0804 and VDE0875 curve N, including 
our miniature MGs (MMG). They also meet applicable 


UL, CSA, BS and CEE specifications as well as the new 


conducted and radiated noise limits set by parts 2 and 
15 of FCC 79-555, 14686 for Class A devices. 

The MG family’s top-of-the-line quality and relia- 
bility have made it the leading switcher in Europe for 
years. Now, more and more U.S. engineers are 
designing it in as a solution to international marketing 
problems. 

_ Gould’s MG switchers handle input line voltages 
of 115, 220, 230 and 240 VAC, 47-440Hz. And the 
unique front panel input voltage selection on many 
models makes it easy to adapt to varying international 
voltages. 

The MG series provides excellent protection for 
computers used in international applications. Each 
switcher features a full cycle of hold-up at 10% below 


nominal input and brown out protection down to 20%. 
MG switchers are available in the following output/ 
wattage combinations: 





In addition to our U.S. facility, power supply manu- 
facturing operations in England and Germany and ser- 
vice facilities throughout Western Europe assure 
complete field back-up for the MG switcher family. 

For complete specifications on Gould switchers 
and a copy of our short form catalog, circle the reader 
ser vice number listed below or call us on our toll-free 
line: 800-423-4848. Gould Inc., Electronic Power 
Supply Division, P.O. Box 6050, El Monte CA 91731 


=" GOULD 


An Electrical/Electronics Company 
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“If you compare BIFET 
Op Amps, there are three 
good reasons why g@ 
you should switch 
to Harris... 




















1. Wider bandwidth 

2. Faster settling time 

3. More stable 
over tem erature. 


New Harris HA-5100 and HA-5110 BIFET 
Op Amps offer unmatched dynamic 
performance and accuracy at costs 
beginning at $3.50 each (100-piece 
quantities)! 
Superior Harris technology is the* 
reason for this high level of performance. 
At the front-end, laser trimming of 
thin-film resistors results in very 
low offset voltage—less than 
1.0 mV. So there’s no need for 
expensive, space-stealing 





external nulling components. 

Dielectric Isolation, coupled with 
unique Harris design concepts, results 
in wide bandwidth, extra-fast settling 
time, and unrivaled ac performance 
over the full temperature range. 

_ Check the specs for fast answers to 
your BIFET Op Amp needs. 
Or write: Harris Semiconductor 
Products Division, Box 883, Melbourne, 
Florida 32901. 








HA-5100/5110 Ac Parameters/ Temperature 


DI TECHNOLOGY PROVIDES 
TEMPERATURE STABLE 
AC PERFORMANCE 





TEMPERATURE 


Harris BIFET Op Amp Performance 
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SETTLING TIME! cos oN 


‘Settling Time to 0.1%, 10 V step. 











HARRIS HOT LINE! 
1-800-528-6050, Ext.455 


In Arizona: 1-800-352-0458, Ext. 455 


Call toll-free (except Hawaii & Alaska) for phone number 
of your nearby Harris sales office, authorized distnbutor or 
expedited literature service. Or check your IC MASTER 
for complete product listing and specifications. 


Harris Technology eienbineion nn 
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a 100 watt switcher is shown on the shake table 


we shake ’em down 


efore you do 


that way we ensure that every Kepco/TDK switcher will 


Shock testing: 


20q, 3 axes. 
Pulse duration: 11 ms. + 5 ms. 


Vibration testing: 


5-10 Hz 10 mm. amplitude, 3 axes. 
10-55 Hz 2g, 3 axes. 





KEPCO. 





meet your reliability requirement 


Our switchers feature single card construction (coated for 
moisture and fungus resistance) to eliminate vulnerable 
intercard connections and harnessing. They’re burned in 
for 48 hrs. at +55°C (while overloaded at the +50°C 
rating) and then are 100% tested, twice! (You can get a 
certified copy of our test report at no extra charge.) 
Kepco/TDK switchers have also been tested by the 
Underwriters Laboratories and have won UL recognition. 


The result? You can buy a really rugged, thoroughly wrung 
out, UL recognized switcher at very competitive prices. 
They’re in stock, ask for a demo to power-up your system. 


For further information on our Switching Power Supplies write: dept. CR-05 


KEPCO, INC. © 131-38 SANFORD AVENUE ¢ FLUSHING, N.Y. 11352 U.S.A. © (212) 461-7000 © TWX #710-582-2631 © Cable: KEPCOPOWER NEWYORK 
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Some high-level facts 


In an industry where 25 and 30% growth rates are more often 
the rule than the exception, it’s an eye-opener that microprocessors 
are being tagged for growth rates exceeding 40% over the next four 
to five years. A recent market projection by National Semiconductor 
sees total worldwide microcomputer sales (including CPU, memory, 
and peripheral chips) rising from about $700-million in 1979 to 
better than $2-billion in 1982. — 

The surprising part of the National projection is the rapid growth 
predicted, in particular, for the high-end uP, whose applications 
include minicomputers, advanced instrumentation and intelligent 
terminals. This segment will rise in dollar value almost ten times 
—from about $44-million in 1979 (about 6% of the uP market) to 
almost $400-million in 1982 (about 18%). Midrange processors, on 
the other hand, although representing about 56% of the market 
in 1979, will grow strongly, yet drop in market share—down to 
about 43% in 1982. 

National also sees a strong move toward high-level languages. 
In 1979, it says, only about 15% of midrange applications software 
was written in high-level languages; by 1982, this figure will rise 
to about 45%. And the impact of high-level languages is even greater 
at the high end—from 50% of the programs in 1979 to 80% in 1982. 

The message for designers is clear: There is no letup in sight 
for the unremitting spread of wPs into new applications. 
Furthermore, with high-end applications growing particularly fast, 
trouble is brewing for designers who aren’t fluent in such high- 
level languages as Pascal and Fortran. 


Mine toga. 


STEPHEN E. SCRUPSKI 
Senior Editor 
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Now from Sprague— 
the reel people... 











1.5x , 
actual size § o 





Type 173D 
solid-electrolyte — 
TANTALEX’ capacitors 

in bullet-nose molded cases. 





@ Lead-taped and reeled for @ Capacitance values from 


use in automatic insertion 1 pF to 56 LF. 
aig satiate @ Voltage range, 6 to 50V. 
@ Low leakage current. @ Operating temperature 
| range of —55° C to + 85° C; 
@ Low dissipation factor. to + 125° C with derating. 


4SE-9122R1 






For complete technical data, write for Engineering Bulletin 
3533.10 to Technical Literature Service, Sprague Electric Company, ® 
347 Marshall Street, North Adams, Mass. 01247. S D 2 0 G UJ [ 


THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS __| [iiasiniinhinithlineallnininetmt 


a subsidiary of GK Technologies 


Incor pora 
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From Washington 








Pentagon warning system can’t handle pressure, says GAO 


The performance of a computer system designed to warn the President of 
impending worldwide crisis situations or military action against the U.S. has 
sparked a heated debate between Defense Department officials and the General 
Accounting Office (GAO). 

The system, called Wimex, consists of 35 Honeywell 6000-series computers 
at 27 locations linked by a complex system of sensors, coding and decoding units, 
and terminals. | 

According to a GAO report, design flaws make Wimex prone to failure under 
pressure. The report also says the Defense Dept. has spent about $1-billion trying 
to make Wimex work and has requested another $140-million this year for that 
purpose. ) 

Pentagon experts insist the system works as planned but conceded that there 
have been problems. Commander Wilbur Zanin, director of the National Military 
Command Center, says there have been some malfunctions in the information 
retrieval subsystem connected to the Wimex computers, but adds that backup 
retrieval methods are available when they occur. 


Appeals court backs FCC ban on linear amps 


The District of Columbia U.S. Appeals Court has upheld the Federal Com- 
munications Commission’s 1978 rules banning the manufacture and sale of 
external amplifiers able to operate between 24 and 35 MHz—regardless of 
whether they can be used on other frequencies. 

The 1978 ban is a tougher version of rules issued by the FCC in 1975 to curb 
the illegal use of the devices to boost the transmission power of CB radios. Under 
the 1975 rules, the devices could be sold only if they could be used on the four 
frequencies used by amateurs. The rules were tightened after manufacturers 
began distributing broadband amps usable for the amateur bands but designed 
primarily for the 27-MHz frequency assigned to CB users. 

The FCC had been challenged by a group of amateur radio operators, who 
argued that the ban on linear amps infringes on their ability to enjoy their hobby. 
However, the court ruled that the FCC, with broad discretionary authority 
granted by Congress, has acted reasonably in issuing the rules. 


Vishay vs SFERNICE resistor case calming down 


Vishay Intertechnology Inc. (Malvern, PA) and the Societe Francaise de 
L’Electro-Resistance (SFERNICE) are settling their differences over patent 
claims for precision-resistor chips. 

In a suit brought before the International Trade Commission, Vishay charged 
SFERNICE with patent infringement in December, 1978, and sought to have 
resistors manufactured by the French company barred from the U.S. SFERNICE 
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filed a counter-claim, charging Vishay with using the commission to help 
maintain a monopoly. The French firm also sued in Federal court and in 
November, 1979, won an antitrust judgment against Vishay valued at $1.5- 
million. : 

However, a settlement reached by the two companies eliminates that verdict 
and terminates all other actions against either party in the U.S. and France. 
Vishay will pay SFERNICE $2-million and issue a note at 3% interest for another 
$985,000 to cover the court judgment and legal fees. SFERNICE will pay Vishay 
royalties amounting to 3% of worldwide net sales of the precision foil resistor 
chips covered by Vishay patents. : 

In light of the agreement, an ITC administrative-law judge proposes that the 
commission drop its involvement in the dispute. The full commission will rule 
on the judge’s recommendation after hearing public comments, but with both 
parties pressing for termination, approval is likely. 


Invest in space manufacturing, GAO warns U.S. 


Unless law makers decide to join private business in financing research into 
space manufacturing, the U.S. may find itself lagging far behind when the 
technological and economic benefits from such projects start flowing, warns the 
General Accounting Office. In theory, the vacuum of space is perfect for 
manufacturing processes ranging from extremely pure semiconductor-crystal 
production to creation of metal alloys and medical products that cannot be created 
on earth. 

According to the GAO, the U.S. should be spending two or three times the 
current $20-million currently allotted to the National Aeronautics and Space 
Administration for research into space technology. Currently, the Soviet Union, 
Japan and several Western European nations are investing heavily in space- 
manufacturing research, counting on the huge potential commercial payoff to 
eventually recover the costs. 

Interestingly, the key to Japanese and European space-manufacturing projects 
is NASA’s space shuttle. In 1982, it is scheduled to put Spacelab, now being 
built by the 11-member European Space Agency (ESA), into orbit—and along 
with it, 39 material-processing experiments. Japan also plans to use the space 
shuttle and is developing experiments in the manufacture of semiconductors 
and optics. 


Sat-comm-frequency shortage ahead, says NASA 


By 1990, the growing demand for satellite communications will have saturated 
the available spectrum space in the radio bands now used to relay voice, data 
and video signals around the world. And NASA, which made the prediction after 
conducting studies, is planning to do something about it. 

Noting that 2000 orbiting transponders will be needed by the end of the century 
compared to today’s 200, NASA reports it will start working on technology to 
use the Ka-band frequencies (20 to 30 GHz) in addition to the current C-band 
(4 to 6 GHz), and Ku-band (11 to 14 GHz). The Ka band could provide five times 
the spectrum space now available on Ku and C bands, NASA says, and enhance 
the capabilities of satellites 50 to 100 times. 

The only hitch in the projected communications satellite boom is the ability 
of the world’s space agencies to launch them all. According to NASA, some of 
its space-shuttle customers are worried that even over the next five to six years, 
their demands will exceed launch capacity. 

Other findings in the NASA studies suggest that most data-services com- 
munications will travel by computer-to-computer links, nearly all of which will 
involve high-speed, real time transmissions. 
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No compromise solutions. 


The Tektronix S-3280 is the first test 
system spe- oe 
cifically de- 
signed to test 
ECL, LSI de- 
vices. Every 
S-3280 has 
high-speed 
drivers, giving 
you a pulse 
source for “. 
every channel. ===" 

Precision fixturing allows you to con- 
nect the device to the tester with 
minimum signal distortion. And there 
are up to 64 channels of sampling for 
waveform analysis, ensuring high 
fidelity. 
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Flexibility: 
Multiple pattern sources give you an 
effective, flexible means of imple- 
menting complex patterns. Choose 
the method of pattern generation that 
fits the device under test. 






Compatibility. 
Only one language to learn. All Tek- 
tronix S-3200 
systems use 
TEKTEST@ 
test-oriented 
language very 
close to Eng- 
lish. Your test 
engineers will 
quickly gener- 
ate, edit, and 
debug device- © 
testing programs. 


Proven performance. 


Semiconductor test systems are no- 
thing new to Tektronix, we’ve been 
building them for years. In addition to 
the S-3280 ECL, LSI tester, there’s the 
S-3270 for device characterization, 


and the S-3250 for production testing. 


Each has a 20 MHz clock rate. Our 
wide variety of options allows you to 
buy what you need now, and add to it 
anytime. 


Aine first 





Training. 
We'll support your test engineers with 


a comprehensive training program 
and thorough documentation. 


Worldwide support. 
ME. SS 














We're a phone call away. 


To find out which S-3200 system and 
its options best meet your needs, call 
your local Tektronix representative. 


Tektrone< 


COMMITTED TO EXCELLENCE 





from Tektronix. The 





hi 





Precision 50 ohm 


fixturing. 


Waveform 
analysis. 
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ahead easy. 


e make 
moving 


-speed solution for 
subnanosecond logic 
testing. -& 1 


High-speed drivers. 
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MK3874 
MK3870 
MK3872 


Microcomputer Momentum. 





Capture it with Mostek’'s 
3870 family of pin compati- 
ble microcomputers. 


For single chip applications, no 
other microcomputer family can 
offer you more design momentum 
than Mostek’s 3870. None. 

Consider: When properly de- 
signed in, any 3870 family device 
may be replaced with any other 
3870 family member in the same 
socket without hardware redesign. 
We call the concept in-socket 
expandability. 

Let's say you start with the 2K 
bytes of ROM and the 64 bytes of 
RAM in the 3870. Need more RAM? 
Double it with the 3876. In the 
same socket. Need more ROM and 
RAM? Get 4032 bytes of ROM and 
128 bytes of RAM with the 3872. In 
the same socket. Want to prototype 
and test your systems prior to 
ordering mask ROM programs? 
Plug in the 3874 with its piggyback 
EPROM and emulate all 3870 
family members. In the same 
socket. 


The right idea for a 
fresh start. 


As a new design path, the advan- 
tages are compelling, too. Not only 
does the 3870 offer you a variety of 
choices for the initial design, but it 
also simplifies planning for subse- 
quent designs as well. In the same 
socket, expansion or upgrading can 
be accomplished as easily as 
exchanging one 3870 family device 
for another. There's no new archi- 
tecture to learn. No retooling of 
artwork. No new software to buy. 
No concerns about debugging. No 

- new vendors to qualify. Simply 
stated, there's no loss of 
momentum. 


© 1980 Mostek Corp. 





it in 


Design 
with confidence. 


Mostek’s 3870 is the proven 8-bit 
single chip microcomputer in- 
dustry standard. Over a million 
parts have already been shipped. 
For hundreds of applications. From 
microfilm recorders and electrocar- 
diographs, to appliances, computer 
peripherals, and more. Supported 
by multiple second-sources, the 
3870 has made a whole new 
technology affordable for scores of 
cost-sensitive applications. 


It’s a powerful way 

to design. 

All the pin-for-pin compatible 3870 
family members operate on a 
single +5 Volt power supply. All 
standard members have 32 lines 


Mostek 3870 Family 


Product ROM RAM 1/0 Power 

MK3870 2048x8 64x8 32 +5V 

MK3872 4032x8 128x8 32/30* +5V 
2048x8 64x8 

MK3874 or or 32/30* +5V 
4032x8 128x8 

MK3876 2048x8 128x8 32/30* +5V 
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*with standby power mode option 


(4 ports) of bidirectional I/O. Or 
you can order the standby power 
option to protect the extra 64 bytes 
of RAM in the 3872 or the 3876, 
and still have 30 I/O lines availa- 
ble. The versatile programmable 
binary timer can operate in three 
modes: internal timer, pulse width 
measurement, and event counter 
mode. And the compact instruction 
set has over 41 single byte instruc- 
tions letting you do more in less 
memory. 

All our 3870 family members are 
supported with complete develop- 
ment systems. Choose from the 
economical EVAL-70™ all the way 
up to our Matrix™ floppy disk 
development system with real time 
in-circuit emulation. 


An intelligent choice for 


the future. 


To continue the momentum, more 
3870 family members will be 
available soon. Including CMOS 
versions. And the 3873 serial I/O 
version which will interface to 
devices such as terminals, shift 
registers, and CCD memories. 

If you want an intelligent design 
for the future, start with the 
microcomputer family that has 
expandable designs for the future: 
Mostek’'s 3870 family. 

For more information, write 
Mostek, 1215 West Crosby Road, 
Carrollton, Texas 75006. Or phone 
(214) 323-6000. In Europe, contact 
Mostek Brussels, phone 660.69.24. 


MOSTEK. 
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TODAY MAY BE THE BEST TIME 
TO MAKE YOUR CAREER MOVE 


But first make sure your new employer measures up. 


With all of those prospective employers trying to attract your engineering skills, now is the best time to look 
beyond “just a job” and consider your career. Your real objective is to find the perfect combination—challenge, 
satisfaction, security, and reward. To assist you, we've prepared a checklist of points to consider when you're 
evaluating a new employment possibility. It’s a good way to compare the companies seeking your expertise. 
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Career Opportunity Checklist for Engineers 


INDUSTRY GROWTH AND STABILITY 


No one wants to be “phased out,” so check for security: 
Is the company part of an industry that’s vital, growing, dynamic? ....L) 0) OU 


Will the growth continue throughout the 1980s and beyond? ......... 5S le a 


COMPANY HISTORY AND REPUTATION 
You can tell a lot about a firm by its track record: 
Is the company recognized and respected in the industry? ........... 


Have sales and profits increased at a steady rate? .................. 
Is it known for its technological innovations? ..................04. 
Are its employees motivated and well rewarded? .................. 
Does the company seek technological employees on a permanent, 
ROOT G DUES? Cle Mosel. ce a cls Ome AE L ok RRC 
WORKING CONDITIONS AND ENVIRONMENT 


Look for good people, team spirit, and top-notch facilities: 
Is the atmosphere one of loyalty, pride, and achievement? ........... 


Do employees welcome the challenge of difficult assignments? ...... 
Are creativity and independent thinking encouraged? 
Are the company’s engineering goals clear-cut and attainable? 


THE COMPANY LOCATION 
Relocation is a big professional and personal commitment. 


Ooo 
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Is the company located in an existing or emerging electronics center?..(J OD) OJ 
Are there major universities and other technological resources nearby?.L] 0) 
Will Me Company. assist mein felocating? 3, oes so ee ee ig a 
Can I provide my family a comfortable lifestyle in this area?......... Ss 
Are there cultural and-entertainment opportunities? ................ Ey 
Is there a variety of recreational and leisuretime activities? .......... CY Ey 6) 
Are the climate and surroundings pleasant? ..................005. BS Siew 
PERSONAL AND PROFESSIONAL GROWTH 

Job satisfaction means more than just a paycheck: 

Does the company give full recognition to the engineering role? ...... is Se a 
Will I be working and interacting with other talented professionals 

PENN ok oat ec won eS en hp nei eres horney tie o> ea Et Ag 
Will my accomplishments be acknowledged, appreciated, rewarded?..00 O O 
Will I be encouraged to seek more challenge and responsibility?...... as Oe ea 
Will the company pay for advanced training in technology 

AMC WANOB EINE NES © 25 oe A SSE ES Coy wk eee Sage 
Can I pursue my own career goals within the company framework? ...L) DO O 


THE LONG RANGE PICTURE 
Where will you be professionally in 5 years? ...in 10 years? 
Are there plenty of opportunities for rapid advancement within 


Does the company encourage engineers to assume positions of authority?) O) O 
Will I be allowed to move into those engineering areas that interest 


Re Re eee se he ie yA ho eo ature oinat oo clk w © Bean Bie fo 
Can I choose my own career path—into technological leadership or 
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Racal-Milgo, Inc. 


acal-Milgo’ 


YES ? NO 


8600 N.W. 41st Street Miami, Fl. 33166 


One Company to Evaluate 


At Racal-Milgo, we're looking for capable communica- 
tions hardware and software people to join our engi- 
neering team. Our success has created needs at every 
level, from entry to top management. We have a lot to 
offer you. 


The mainstream of our business is data communica- 
tions—where today’s action is. We're a pioneer, and a 
recognized leader in the field. Our state-of-the-art 
product lines include modems, multiplexers, data en- 
cryption, and systems for sophisticated network con- 
trol and performance assessment. 


We're proud of our growth—$64 million in sales two 
years ago, $80 million last year, and over $100 million 
this year—and we're still growing. Applied research and 
technology keep us on the leading edge in data commu- 
nications; our engineers face some of the industry's 
most challenging (and rewarding) responsibilities. 


Racal-Milgo is a great place to work. We encourage our 
technical people to think creatively, to turn their in- 
novative ideas into successful products—in an atmo- 
sphere of friendly, professional teamwork. We provide 
them with one of the nation’s most advanced engi- 
neering facilities. Our salaries and benefit programs 
are among the best in the business. 


We're located in suburban South Florida, one of the 
growing new electronics centers in the sunbelt. It’s an 
international area, gateway to Latin America, blessed 
with a pleasant climate year-round. There are excellent 
cultural and entertainment opportunities, plus swim- 
ming, diving, boating, sport fishing, golf, tennis, and 
all the other benefits of a cosmopolitan resort. There's 
a wide choice of employee clubs to introduce you and 
your family to new activities. And if you’re interested 
in furthering your professional or business related 
education, we'll pay for your coursework at any of the 
major universities nearby. 


At Racal-Milgo, we're experiencing dynamic growth, 
and we need good people at all levels. The working 
conditions are excellent...advancement and rewards 
come fast...and our new two-track career program 
lets you decide whether to rise to the top on the tech- 
nical side or to move into management. (Our presi- 
dent and board chairman are both EES.) 


We're looking for the best. If you are 
too, let's get together. I hope to per- 
sonally welcome you aboard. Send 
me your resume today; no letter re- 
quired. You'll receive a prompt reply. 


Atikpey 


Ed Hilpert 


Vice-President, Engineering 
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Data comm: LSI and fiber-optic components 
will help networks channel the flow 


elecommunications and data processing, two 
T major sectors of electronic technology that started 
out going separate ways, have come together to form 
a third major sector—data communications. While 
digital central offices and PABXs have become essen- 
tially message-switching computers, reliable com- 
munications systems have become a must for dis- 
tributing data processing. Digital data from intersite 
computers and far-flung terminals now begin and end 
in an analog form compatible with local-distribution 
telco loops; meanwhile, analog voice signals travel 
along long-haul trunks in noise-resistant digital form. 

Up to now, specialists familiar with networking 
protocols at the processing side and channel character- 
istics on the transmission side have been able to 
develop devices that end users could piece together 
into simple links and even into rudimentary data- 
comm networks. However, advancing technology has 
overrun this simple approach. The proliferation of 
ever-smarter terminals at the periphery of ever- 
growing data-accumulation systems, coupled with the 
tendency to distribute overall processing loads 
throughout a system, has spawned high-density data 
traffic over complex network configurations. In turn, 
integrating intricate communications and data-proc- 
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essing capabilities into inexpensive and reliable LSI 
chips has bred equipment for handling the swelling 
data traffic—even as other LSI-based equipment 
spurs on traffic increases. 

To keep abreast of this widespread growth, some 
end users are demanding that the required hardware 
and software for transparent communications be built 
into terminals and processors. Some users go even 
farther by ordering turnkey data-comm networks 
from a higher level of OEM: the supplier of installed, 
operational—and total—systems. 

For all these reasons, the users of technology again 
must turn to the designers for solutions. To help 
designers provide answers, the Communications issue 
of ELECTRONIC DESIGN presents comprehensive cov- 
erage of the following leading-edge developments: 

s Data-comm components that OEMs can integrate 
into end-user products to break the distributed-data 
log jam, and usher in the office of the future 

s Fiber-optic components for high-capacity trans- 
mission with minimal interference 

= LSI chips for filtering codec signals cleanly at low 
power 

s LSI chips that program on-line to handle most 
popular synchronous data-comm protocols. 





Courtesy Universal Data Systems 





Data-comm-equipment specialists match 
the hardware with the transmission 


Sid Adlerstein, Communications Editor 


esigning transmission systems to carry data 

farther than required by the usual specs for 
interfacing data terminals to data-circuit terminating 
equipment is best left to specialists. Specifying the 
lines and the driver/receiver sets is simple enough for 
data rates and distances spelled out in the EIA’s 
RS-2382C or its CCITT counterpart, V.24. Even the new 
and more powerful RS-449 can be handled by ex- 
perienced circuit designers. But sending data across 
the world, much less miles away, is another matter. 
For the more ambitious communications functions 
that end users keep demanding, designers of data and 
word-processing equipment must turn for help to 
data-comm-equipment designers. 

As it turns out, the specialists all along have been 
creating a rich crop of products intended for the end 
users themselves. As a result, OEMs can choose from 
data-comm hardware that is varied, well-designed and 
cost-effective. The real challenge is to select the form, 
fit and function of data-comm hardware that best 
suits the particular equipment. When all three don’t 
fill the bill exactly, many data-comm manufacturers 
offer redesign services. 
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However, one thing not usually open for redesign 
is the transmission medium. So it’s important to 
choose the right one the first time. 

Several media are prime candidates for data trans- 
mission, foremost being the switched, direct-distance- 
dial (DDD) public telephone network. Next in popu- 
larity are leased voice-grade lines, with or without 
conditioning. Private wire and cable lines are also 
important. Other media include fiber optics—whose 
use is blossoming—wideband analog telco services, the 
Bell System’s Dataphone Digital Service and proposed 
Advanced Communications Service, and soon-to-be- 
initiated satellite-based services. _ 

Once the medium is determined, it’s up to OEMs 
to provide the access hardware. Such hardware in- 
cludes: : 

=» Modems for DDD or leased voice-grade lines 

= Limited distance modems, modem eliminators 
and line-driver/receiver sets for private wire 

» Rf modems for coaxial cable 

= Fiber-optic modems for fiber links. 

But beyond basic transmission—beyond modems— 
the need is growing to design efficient systems and 
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manageable data-comm networks. Given this respon- 
sibility, the data-comm-equipment designer can turn 
to several building blocks for assistance: 

= Multiplexers combine separate data streams into 
a composite signal for transmission over one channel. 
They also demultiplex, or separate, the original 
streams from the composite at the receiving end so 
that the connections from data sources to data sinks 
are transparent. 

= Data concentrators (or statistical multiplexers), 
error controllers and part-sharing units strengthen 
the network’s efficiency and reliability. 

But once the overall network architecture is struc- 


tured, another class of hardware is needed to help 
CPUs maintain it: 

= Front-end processors—often minis associated 
with host mainframes—oversee communications pro- 
tocols, message handling, code conversion and error 
control, and can even control special-purpose termi- 
nals. 

» Network controllers often include the main- 
tenance and reporting functions that help keep a data- 
comm network up and running. 

The message is clear. The buck stops at the data- 
comm-equipment designers. And they have the tools 
to be ready. 


Modem performance comes in many packages 


odems, which convert digital data signals to 
Manalog form for telephone transmission, offer 
OEM designers a rich variety of packaging, per- 
formance and functions. Sets of dual-in-line, thick- 
film hybrid modules, PC-board mounted modules, 
potted modules and cards containing microprocessors 
and powerful custom LSIs are all available. 

While transmitter and receiver modules are the best 
way to go for prototyping and small-quantity applica- 
tions, complete PC-board assemblies using the mod- 
ules require less of a designer’s time in developing, 
testing and engineering support. Derivatives of en- 
eased units are also available—several end-user 
modem manufacturers have simply stripped the cases, 
and sometimes even the power supplies. 

Using card-mounted modules and additional on- 
board circuitry usually involves a one-time charge for 
engineering. For runs of 100 to 250 units, however, 
buying board-level modems assembled in the main 
from available modules proves less expensive than 
buying just the modules, and then mounting them. 

For quantities of 500 and over, suppliers like Racal- 
Vadic prefer to mount all the components directly on 
one PC board. Universal Data Systems apprises OEM 
modem customers of the features it has incorporated 
into its over 2000 previous designs. After the customer 
selects what he needs from this catalogue, or “menu,” 
UDS extracts the appropriate circuitry from previous 
designs and whips up an appropriate prototype. 

Module sets divide logically into transmitter and 
receiver packages, with the transmitter containing 
oscillator, bandpass filter and frequency-selection 
circuits, and the receiver containing bandpass-filter, 
limiter, discriminator, slicer and carrier-detection 
circuits. In addition to the basic transmitter and 
receiver, modems usually include a transformer for 
coupling to the line (line hybrid), and controls for such 
auxiliary functions as automatic call answering 
and/or originating as well as half-duplex operation. 

Although such circuits have not yet yielded to total 
monolithic integration, thick-film hybrid circuits are 
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Racal-Vadic’s ModemPhone, with a built-in full-duplex Bell 
103/113-compatible modem, allows direct connection to 


the telephone line, thus eliminating the extra modem box 
and the need to rent a separate telephone set. 


ae 


Data-transmission stretching as far as 40 miles and 
asynchronous rates up to 19.2 kbits/s come protected 
from current surges and overvoltage due to line crosses 
or lightning in Kapusi Laboratories’ DT19.3 data 
transceiver on a board. 
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being increasingly used to reduce size and simplify 
package design. For example, Cermetek provides 
transmitter and receiver building blocks in thick-film 
hybrids housed in dual-in-line packages. A set of such 
miniModem modules (the 1200 series) can, in fact, 
provide 90% (estimates the company) of the functions 
for three popular data-set types: two 300-bit/s sets 
—one Bell-compatible, the other CCITT-compatible— 
and a 1200-bit/s set that is compatible with both the 
Bell 202 and the corresponding 1200-bit/s CCITT 
equipment. 

The Bell-compatible 300-bit/s modem uses six mod- 
ules in the company’s 1200 family—modulator, trans- 
mitter filter, line hybrid and squelch, receiver filter 
and soft limiter, demodulator, carrier detector—along 
with one of three mode-selector modules: for originate- 
only, answer-only or originate-and-anwser sets. These 
modules help make up modems that are compatible 
with Bell System 113 A/B, 103A2/F and 108A/C data 
sets, among others. 

The CCITT-compatible 300-bit/s modem also uses 
six 1200-family modules for the same functions but 
one of only two mode selectors—for originate-only or 
answer-only sets. Originate-and-answer mode sets use 
four other 1200-series modules: programmable mod- 
ulator, receiver filters, demodulator and transmitter 
filters. 

Another set of mini Modem modules, the 1600 series, 
provides eight modules for an originate-only modem 
and nine for an answer-only modem. Moreover, these 





Does 275-Mbit/s transmission sound futuristic? This 
diode-laser-based fiber-optic transmitter module from 
Optical Information Systems accepts ECL data at that rate. - 
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| Fiber-optic transmission works now = 2 









No longer rae dosipnars wei to reap the advan- 
tages of fiber-optic transmission—the components for 
cost-effective data-transmission systems are a 
able now for limited distances. Fiber-optic tran 
mission gives freedom from noise caused by electrical _ 

- and magnetic interference, high bandwidth-distance _ 

products, electrical isolation and typical a _ 
mission rates of 20-Mbits/s and highe 
game modems, data links, modular tr: 
-ceivers and multiplexers will work for O 
_ design the electrical-optical components inte ) end-user 
equipment) and for system-level designers (who com- 
bine standard products into networks). _ 
The simplest fiber-optic modems for system makers 
are boxes (either stand-alone or rack-mountable) that _ 
are plug-compatible with standard, RS-232C, asyn- 
chronous and synchronous, limited-distance, wire-line 
modems. These plug-compatible units make con- 
version from a metal-wire to an optical-fiber trans- _ 
mission system a matter of simply replacing the — 
modems and cables. The devices shake hands using _ 
the same standard control signals and often provide ~ 
the same self-testing functions offered with conve \- 

tional modems. __ . 
For OEM ponenenicnae stend-elocs: or a 

mountable data links support high-speed serial data _ 

communications (20 Mbits/s) over processor-to-proc- _ 
essor or links (limited to kilometer distances). The _ 
clock and data are usually transmitted together over 
the link by Manchester-type coding. 

Modular optical-electronic converters for OEMs 
come in more varieties than almost any other compo- | 
nents. Low frequency, short-distance units mate with _ 
low-cost but lossy plastic or plastic-clad silica fibers. — 

Sophisticated combinations of circuitry, emitter and _ 

detectors carry up to 10 Mbits/s of synch data 

over graded-index fibers in links. Th 

graded-index fiber-optic links befo: 

prevents the capacity problems that 

mission links eventually suffer. 

For easy integration into existing 
optic link modules operate with th 
voltages most commonly used i in 

5 or +12 V. Their height allows simple 

p-c boards that must fit normal 0. hens 










































































Richard McCaskill 
Product Manager 
Canoga Data Systems 
Canoga Park, CA 
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modems can operate full-duplex at 1200 bits/s in the 


forward direction and 150 bits/s in the backward 


direction, for control. Not only that, but these 1200- 
bit/s units are compatible with both the Bell 202 and 
the corresponding CCITT 1200-bit/s sets. 

In addition, eight modules in the 1600 series can 
be put together to form a 202/CCITT-compatible, 
answer-and-originate modem. Though the modules 
and the additional external components take up only 
5x 6 in. of board space, the performance is respectable: 
0 to 70-C operating temperature, —45-dB receiver 
sensitivity, +10-Hz frequency tolerance, carrier delay 
of 40 +20 ms to operate and 12 +6 ms to release, 45- 
dB dynamic range and 8% worst-case pulse-to-pulse 
jitter. All this adds up to a bit error rate of 1 in 10° 
at a 3-dB signal-to-noise ratio when operating full- 
duplex over switched voice-grade telephone lines. 


Complete units 


Another set of modem modules, the R24 from 
Rockwell, divides into more complete functional units: 
The R1 and R2 modules make up a complete receiver; 
the T module alone is a transmitter. A modem 
configured with all three modules can operate in the 
half-duplex mode over two-wire circuits, and full- 
duplex over four-wires. In addition, the three modules 
take up just 25 in.? Originally introduced by Rockwell 
in potted versions, the modems now come unpotted 
and bare on PC boards. The tradeoff is very attractive 
—one plastic covering for lower cost, better accessibili- 
ty, lighter weight and less power dissipation. 

On-board LSI MOS chips help perform differential 
phase modulation in the transmitter and coherent 
phase detection in the receiver that meet the high 
performance levels required for compatibility with 
Bell 201 B/C and CCITT V.26 sets operating at 1200 
and 2400 bits/s. In addition, the transmit and receive 
modules, by operating independently, are the only 
modules needed for simplex operation (receive or 
transmit only). 

In general, R24-module modems can be configured 
into many versions through the digital controls at the 
module interfaces. These controls can be operated via 
software-generated signals from a CPU, thereby 
changing the modem while it is on line. 

For example, the transmitter’s output-signal level 
can be set from — 1 dBm to —15 dBm in eight steps, 
with 12 turn-on sequences that vary the sending- 
response time from 6.67 to 800 ms. Scrambler and 
descrambler circuits can be inserted selectively into 
the modem’s transmitter-to-receiver path to ensure 
that the transmitted-data spectrum evenly spans the 
allocated line bandwidth (800 to 2800 Hz). The ran- 
domizing action of the scrambler minimizes pattern- 
sensitivity problems that can arise due to simple fixed 
or periodic sequences of encoded data. 

A graph of typical R24-modem characteristics 
shows that inserting the scrambler reduces the bit- 
error rate at a given signal-to-noise ratio. The 
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FSK modems operating at 300 bits/s can be assembled 
from six hybrid-constructed mini Modem modules by 
Cermetek, and some additional interface circuitry. 
Modems made from these DIPs are compatible with each 
of Bell’s 100-series data sets. 





Three modules on a card make up a 2400-bit/s modem, 
compatible with the Bell 201 B/C data sets. One module 
in the Rockwell R24 set is for the transmitter, the other 


-two for the receiver. The only other components needed 


on the board are two isolation transformers and clamp- 
selection switches. 
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scrambler-descrambler circuits can also be used to test 
the overall operation with a 127-bit pattern. 

Another option, this one strappable, normally 
places a fixed compromise-delay equalizer in the 
receiver. But this circuitry can also be placed into the 
_ transmitter, or even bypassed. When in the circuit, 
however, the equalizer improves the performance over 
unconditioned 3002 lines by compensating for the 
mean range of group-delay distortions generally en- 
countered in the U.S. 

For multipolling operations, the receiver can be 
rapidly resynchronized via interface signals to keep 
pace with sequences of incoming messages. For direct 


connection to a leased line in the U.S., a transformer 
is the only external component needed. 

Generally, connecting to the switched network re- 
quires either FCC-registered protective circuitry or a 
data-access arrangement (DAA). Rockwell offers a 
registered protective device to support the R24. 


uPs come aboard 


One nice thing about PC boards is that they can 
hold:so many different things—and surely a milestone 
in the development of modems has been to incorporate 
microprocessors into OEM-modem cards. With the 
circuit sharing made possible with programming, 
extremely complex subsystems now fit easily on 
standard-size cards. 

In addition, OEMs find that they can harden their 
equipment designs, confident that the OEM modem 
within will not change in size, shape and probably not 
even in cost when more functions are added or modes 
of operation changed. Simple PROM-chip changes 
should handle many upgradings. What’s more, cus- 
tomized modems and design changes can be put 
through in less time at lower cost than possible with 


_PSK shows up FSK at high transmission rates 


Modems use one of three popular modulation 
schemes—amplitude (AM), frequency (FM) or phase 
(PM)—to convert digital data into analog form for 
transmission over telephone networks and to recon- 
vert it at the receiving end. For data transmissions 
exceeding 1200 bits/s, only PM will provide the 
necessary performance. 

Amplitude modulation changes the amplitude of a 
fixed-frequency carrier and frequency modulation 
changes the frequency of a fixed-amplitude carrier, 
each on a one-to-one basis with every change in the 
logic value transmitted. In both AM and FM trans- 
mission, therefore, baud rate equals the number of 
bits/s. Most FM modems using the frequency-shift 
keying (FSK) method handle data rates up to 1200 
bits/s. 

Phase modulation shifts the phase of a fixed- 
amplitude, fixed-frequency carrier by a discrete 
amount in response to a pattern of bits (phase-shift 
keying). The baud rate can be one-half, one-quarter 
or one-eighth of the rate in bits/s. PM modems use 

_ PSK for transmission rates of 2400 bits/s and higher, 
as well as for full-duplex operation at 1200-bits/s. 

Why is FSK unsuitable and PSK necessary for data 
rates over 1200 bits/s? FSK modems can transmit and 
receive on two channels simultaneously at data rates 
below 600 bits/s. The bandwidth is 1070 to 1270 Hz 
and 2025 to 2225 Hz. This 200-Hz spread for each 
channel is well within the restrictions of voice-grade 
telephone lines (300 to 3300 Hz, for a total spread of 
3000 Hz). : 

At data rates of 600 to 1800 bits/s, the standard 
FM bandwidth is 1200 to 2200 Hz, giving a spread of 
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1000 Hz for each band. Although this spread also 
seems to fit within the restrictions, the voice-grade 
telephone line is narrower than it appears: Attenua- 
tion is severe below 1000 Hz and the frequency range 
above 2400 Hz is reserved for tone signaling—leaving 
a total effective bandwidth of just 1400 Hz. Thus, at 
transmission rates of 600 to 1800 bits/s, FSK modems 
can either send or receive, but not simultaneously. 

Modems that use di-bit PSK (DPSK) operate on 2 
bits at a time, modulating or demodulating the carrier 
phase accordingly. Thus, the baud rate is half the 
bits/s, and the frequency spread is cut substantially. 
Full-duplex operation is possible at 1200 bits/s or 600 
baud; the typical carrier frequency is 1150 Hz for 
transmitting and 2250 Hz for receiving. DPSK is also 
used for data rates of 2400 bits/s. However, full- 
duplex operation is no longer possible, because the 
low-channel carrier frequency (1150 Hz) is too close 
to the baud rate (1200 baud) and information could 
be lost. 

At higher rates—4800 and 9600 bits/s—modems 
group together more bits at a time, and produce 
smaller phase shifts for each bit combination. Modems 
handling 4800 bits/s use 4-level encoding and modems 
handling 9600 bits/s use 8-level encoding. Four (or 
eight) bits are examined at a time, and each possible 
combination is converted to and from a predetermined 
phase shift. 


David L. Peters 
Marketing Manager 
Racal-Vadiec, Inc. 
Sunnyvale, CA 
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Telephone lines speak out for compatible modems 


Modems translate properly only when the de- 
modulation and modulation schemes match at each 
end of a telephone line. The factors that may 
jeopardize compatibility are: | 

a The carrier frequency of the modem 

us The design of the scrambler 

= The assignment of signal space. 

Commonly used modems can send data at 1200, 
2400, 4800 and 9600 bits/s. Incompatibility is rare at 
the two lower speeds. Of the four, 2400 bits/s is the 
most popular rate for real-time interactive networks; 
the analog transmission uses 4-0 quadrature 
amplitude modulation, conforming to the interna- 
tional specification CCITT-V.26. 

Most 2400-bit/s modems are on-line compatible 
with most 1200-bit/s modems. The slower-rate sets 
are a good deal less expensive for data transmission. 
The common modulation scheme at 1200 bits/s is FSK; 
it results in robust or forgiving receivers that can 
translate message signals despite variations in mod- 
ulated signals. 

Incompatibility between modems is most likely to 
occur at the higher data rates. Without intermediate 


frequency translation, modems can communicate only 


if they operate at the same carrier frequency. The 
carrier frequencies at 4800 bits/s and at 2400 bits/s 
are usually identical—1800 Hz. However, some of the 
faster modems use a 1700-Hz carrier; and at 9600 
bits/s, the variation in carrier frequency is even wider 
-- 1650 to 1800 Hz. 

Scrambler designers also affect compatibility. A 
scrambler combines incoming digital data with a 
random-seeking data sequence that is internally gen- 
erated. The scrambler optimizes the modem’s per- 
formance by ensuring that it always uses the full 
bandwidth of the telephone channel. Incompatibility 
between modems may arise though variations in the 
length of the shift register that holds the random data 
and through differences in the location of the taps 
that provide randomizing feedback. Moreover, the 
receiver must have a decoder that accepts the 
scrambled input. A scrambler with a 7-bit shift 
register generates patterns that a 9-bit shift register 
cannot unscramble. 

Signal-space assignment involves the exact encod- 
ing of digital information as an analog signal. For 
2400, 4800 and 9600 bits/s, the most common tech- 
nique is quadrature amplitude modulation (QAM). 
Some high-speed modems use vestigial sideband 
(VSB), but QAM is generally held to be superior. QAM 
uses two carriers, sine and cosine waves, both at the 
same frequency. 

At 2400 bits/s, data are transmitted 2 bits at a time, 
requiring four digital assignments (see top figure); at 
4800 bits/s, eight data assignments are needed; and 
at 9600 bits/s, 16. The signal-space assignments may 
differ in different modems. The bottom figures show 
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SINE CARRIER 


COSINE 
CARRIER 





two possible phase assignments at 9600 bits/s; the 
cosine carrier is represented by the horizontal axis 
and the sine carrier by the vertical axis. The center 
figure represents the CCITT-V.29 standard, and the 
bottom shows the use of signal space in ATT’s 209 
modems. The two are clearly incompatible. 

One way to avoid incompatibility is to design an 
entire private-line network using the same type of 
modem throughout. A preferable trend, giving more 
flexibility in light of the growth of interactive data 
communications, is toward the adoption of the CCITT 


standard, which would ensure hardware compatibility - 


for the future. 


David Lyon 
Intertel 
Burlington, MA 
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hardware only. 

Microprocessor-based OEM modems operate in just 
about every popular data-transmission range from 0- 
to-300 up to 4800 bits/s. The SC212 from Ven-Tel 
operates at 300 bits/s, using FSK modulation, and at 
1200 bits/s, using PSK modulation. The two mod- 
ulation schemes, the unit’s carrier frequencies and its 
control functions are all compatible with the Bell 212A 
data set. 

Operating synchronously or asynchronously in the 
full-duplex mode over direct-distance-dialed (DDD) or 
leased lines, the SC212 offers both answer and ori- 
ginate capabilities. Diagnostic features include loop- 


Representative wire-line data sets 


Data 


rate Bell 
Manufacturer | Model No.| (bits/s) 


0 to 300 
1200 


a. she A2/F, 





Cermetek 103A2 
202 CCITT 














Penril 300/1200 | 0 Y Pe 100 series Sync/async| Answer/ 
at 300 bits/s originate 

212A at 

1200 bits/s, 





pe Vadic VS300P 103, 113B/C Async Answer/ 
originate 


201 B/C, 
CCITT V.26 


Rockwell ae 2400 











Circuit 
needed 
(wires) 


Private lines Half or full 
ac or dc 
coupled 


Connection 
compatibility modes 


Avanti 2100 2.4 K to Sync Answer/ 
230.4 K originate 


Async Answer/ 
originate 
Async Answer/ 
originate 


Gandalf RM3309 ae = Answer/ 
originate 
132 K 
Intertel M1200 1200 Answer/ 
originate 
M2400 2400 Sync Answer/ 
originate 
Kapusi DT19.2 19.2 k al ee Sync/async| Answer/ 
originate 
originate 














back and self-test functions. 

The unit carries FCC registration for direct connec- 
tion to the DDD and supports RS-232C and 20-mA 
current-loop interfaces. The uP-based design in- 
corporates Bell System Series-100 communications 
protocols that facilitate rapid changeover to 1200-bit/s 
operation from the lower speed, without major 
changes in the operating systems. Note that the SC212 
must wait 50 ms between receiving a Request To Send 
(RTS) and raising its Clear To Send (CTS) response. 
This means that at the least 50 ms must pass (during 
which time, no data can be transmitted) at the start 
of a message. Ordinarily this is not excessive. 

For operation at 2400 bits/s, Intertel offers the uP- 
based M2400, whose differential phase-shift keying 
(DPSK) modulation scheme, carrier frequency and 
control system make it compatible with the Bell 201 
data set. The M2400 operates synchronously in full- 
duplex mode over four-wire DDD or leased lines, 
offering both answer and originate capabilities. 

The imbedded uP contributes heavily to the board’s 
extensive catalog of diagnostic features, which include 
both analog and digital loopback, a self-test function, 


Duplex 


communications FCC Test 
modes registration features 


Unbalanced Moe Half or full Loopback, internal 
pairs, 500 coax test generator 
continunity ae 
DDD (with DAA) uncon- Full Loopback, 
eye pattern 
Full Eye pattern 


ditioned leased lines 
Loopback 









DDD (with DAA) uncon- 
ditioned leased lines 






DDD or leased Loopback, pattern 


Full 

lines generator, self-test 

DDD or leased Full Loopback, pattern 

lines generator, self-test 

Ungrounded leased lines, Half or full Loopback, self-test, 

dc-coupled voice-grade pattern generator 
twisted pairs 

DDD or leased lines Half or full Loopback, 

(dc-coupled) 


DDD or leased lines Full Loopback, 


self-test 
ee ee 


DDD or leased lines Half or full 127-bit test 
word generator, 
loopback, phase 
error, eye pattern 








Local test 







Leased lines Half or full Loopback 
DDD or 3002- 
conditioned leased 
lines with 
less than 
20% distortion 


Half or full Loopback 












DDD or private lines Full Yes Loopback 
Yes Loopback, random- 

DDD or private lines Half or full (see pattern 

comments) generator 


Tuck 1542 103 A/E, 113 B, Async Answer/ 
Tuck 1530 originate 
; Auto Answer 
1611 1200 202C/D/R/S/T Async Answer/ 2 4 
originate 
with options 
Universal 103/113 B 103, 113 Async Answer/ 
Data Sys- originate 
tems 208 OEM 4800 208 A/B Sync Answer/ 
originate 
Ven-Tel $C-212 ca : ES as Answer/ DDD or leased lines Full 
originate 
Versitron CD1-19 {0 to - Full Loopback 
to 6.3 M 
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Loopback, self-test 


visual diagnostic feedback, a built-in test-pattern 
generator and the ability to help with local and remote 
testing. Not only that, but the flexibility provided by 
the uP is spurring efforts to develop optional features 
that should require practically no hardware changes 
in the equipment. 

Moreover, the M2400 can be polled over the DDD 
network. Because DDD service extends just about 
everywhere, this polling capability can often be used 
to back up private-line operation. 

High-speed operation in an OEM modem is the fruit 
of the »P-based design in Universal Data System’s 
208-OEM series of data sets. These units operate 
synchronously at 4800-bit/s data rates over two or 
four-wire private lines or over the DDD network. 

UDS offers models that are compatible with both 
the Bell 208 A and B versions and that support the 
RS-232C and CCITT V.24 digital interfaces or MIL- 
STD-188, and TTL or CMOS line compatibility means 
that the 1800-Hz carrier and all the sidebands result- 
ing from the eight-phase, differentially coherent PSK 
modulation are Bell-compatible. 

The A version operates in full-duplex over four-wire 
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Transmitter and receiver modules are available separately 
(for simplex data comm) or in pairs from Racal-Vadic. 
They can also be mounted on complete modem cards that 
contain the necessary auxiliary circuitry. 


circuits and half-duplex over two-wire circuits. Be- 
cause this version has no automatic-answering 
capability, it requires a dialer unit like the UDS 801A 
or C when used in a system operating on the DDD 
network. 

The B version operates in half-duplex over two-wire 
circuits, and contains automatic-answering circuitry. 





out major changes in 
_ pP-based design 
ers on separate cards; up to 1-mile 
range on twisted pairs 
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The RTS/CTS delay is strap selectable at just 48 or 
150 ms—another victory for the »P-based design. 

The fast circuitry allows the adaptive equalization 
to proceed quickly. The equalizaion, in turn, com- 
pensates for degraded lines. Another uP-derived ad- 
vantage is the reduced parts count that results in a 
reliability jump, along with reduced power drain, and 
less required board space. | 

The 208-OEM series operates from only a +5-V 
supply, and takes only 100 in.” for the A version and 
110 in.? for the B. The 208-OEM modems, or any 
automatic-answer modem, can be connected to the 
DDD network by means of UDS’s approved DAAs, 
(1001F/D). 

Racal-Vadic’s latest wP-based offering, the VA3450 
series, though not yet put forward in an OEM version, 
illustrates the potential power of processors in modem 
design. Series-3450 sets are triple modems that com- 
bine in one unit three separate compatibilities: Bell 
type 212A, Bell type 103 and Vadic VA3400. One unit 
can switch internally to each of the three sets of 
characteristics, depending on what type of modem it 
is communicating with. 





Four data-comm operating modes can be selected using 
this 312 xX 442-in. Model 120 DEC-kit OEM modem from 
Ven-Tel. The unit supports DEC’s LA-36 writer terminal 
with 300-bit/s half or full-duplex transmissions in four 
modes: originate-only, direct-wire-ElA, acoustic-coupled 
or direct-DDD-connected. 
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he capecticatigns sutiphed by the eistomer. _ 
ently, the FCC adopted Registered Protective — 
-y as an alternative to the Bell System’s Data 
Access Arrangement, thereby increasing opportun 
ties for using built-in. dial-up modems. However, the 
- FCC Engineering Office requires a rigid certification 
procedure for modem cards. Here again, modem ; 
makers often unburden their customers by obtaining _ 
the required certification themselves. 
| Though large manufacturers use most of the OEM 

_ modems produced, any company needing several hun- _ 
dred modem boards yearly can benefit from an OEM 7 
oS to aoe modems, an OEM 
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ate closely. The modem ee Css a prototype 
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Offering on-board direct connection to the DDD network, 

inline with part 68 of the FCC regulation, Intertel’s M2400 
single-board OEM modem transmits data synchronously 

at 2400 bits/s. 


ELECTRONIC DESIGN 8, April 12, 1980 





The point is, more designers are 
choosing General Instrument 
PIC microcomputers than ever 
before. And they're using them in 
an ever-widening range of 
applications; including consumer 
appliances, energy management 
systems, electronic games, security 
systems, keyboards, display drives, 
TV/radio tuning systems, and 
automotive dashboard instrumenta- 
tion, to name but a few. 


That’s why General Instrument 
delivered more than four-million 
8-bit microcomputers in 1979; more 
than twice as many as our 

leading competitor. 


Big numbers, certainly, but more 
than that, our record is a direct 
reflection of the success and 
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4,000,000 PICs 
Prove Our Point. 


designer acceptance of General 
Instrument’s business philosophy: 
Deliver high quality products at 
competitive prices, backed by 
comprehensive customer service 
and support. For example, PIC can 
revolutionize the performance and 
energy efficiency of universal 
motors. As a closed loop controller, 
PIC provides soft starting and 
Current limiting, improves efficiency 
under variable loads, protects 
against motor-jam, prevents 
overheating plus controls speed. 
What about cost? Remember the 
facts: General Instrument’s PIC 
microcomputers are already 
proven cost effective in high 
volume applications. 


To support our many users, we 
offer a complete set of hardware 


GENERAL 
INSTROMENT 








and software aids, including the 
PICAL two-pass assembler 
program and PICES I|n-Circuit 
Emulation System. These help 
customers in their design, 
development, and evaluation of 
a particular application. In short, 
we deliver more microcomputers, 
because Our microcomputers 
deliver more to our customers. 
And that’s the rea/ bottom line. 


For more information on the PIC 
Series, write to: General 
Instrument Microelectronics Ltd., 
Regency House, 1-4 Warwick 
Street, London WIR SWB, England, 
or call 01-439-1891. 


We help you 
compete. 
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In addition to providing data-communications 
capability for wire lines, OEMs can include fiber-optic 
data-comm capabilities that are derived from either 
module sets or cards. Manufacturers of such fiber- 
optic links include Burr-Brown, Canoga Data Sys- 
tems, Hewlett-Packard, Honeywell, 3M, Meret, Op- 
telecom, RCA, Spectronics, Galite, Texas Instruments, 
Valtec and Versitron. 

Depending on the model, many of the transmitter- 
receiver sets offered by these suppliers allow units 
that are several kilometers apart to communicate 
serially at up to 20 Mbits/s. These data links all use 
LED emitters for low cost and high reliability. 

For even higher data rates, ranging up to a blazing 
275-Mbit/s NRZ, Optical Information Systems offers 
the ECL-compatible OTX5100 series of transmitter 
and receiver card sets. The speed comes from the 
company’s DI-PAC aluminum-gallium-arsenide 
diode-laser optical source, mounted directly on the 
transmitter card. Operating at 820 nm into a 5100- 
series receiver card, these laser transmitters have 
achieved successful 150-Mbit/s data communications 





Up to 4800-bit/s data rates are handled bya board-level 
modem that occupies under 100 in.2—the 208 series of 
Bell-compatible data sets from Universal Data Systems. 


with 1 km of graded-index fiber. 

ECL-compatible OTX5100-series receivers come 
with either an APD or a pin-diode detector. The over- 
all sensitivity of the APD receiver card is —35 dBm, 
while that of the pin-diode version is only —21 dBm. 
Of course, a pin-diode-based receiver card is easier to 
integrate into most equipment because it can work 
with such commonly available power supplies as +10 
and +20-V. The APD-based card needs +10 and +300- 
V supplies. 

In addition to modular and microprocessor-based 





Transmitter and receiver sections are completely 
independent in Rockwell’s R24 three-module modem set. 
For simplex send-only operation, only one module, the 
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transmitter (T), need be used. For simplex receive-only 
operation, two sub-receiver modules (R1, R2) are needed. 
Noise performance is also shown. 
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Modules available now include 
the UniPak, a gang program- 
ming pak for MOS devices, 
and a series of programming 
paks for logic devices and 
individual PROM families. 


23 communication 
formats including six 

| for development systems. 
niP jorithms shorten Development systems, computers, 
programming timeenhanc- _ ieletypes and CRT terminals inter- 
Our new System 19/UniPak ing System 19’s use asapro- face easily with the System 19. The 
lets you program most MOS _—_ duction tool. UniFak is the first system 19 accepts micro-processor 


and bipolar PROM’S from = =  =module to use anewly developed _instruction codes from Motorola, 
AMD, Fairchild, Harris, Intel, = algorithm which makes it possible to Intel, Tektronix, Fairchild, FutureData 
MMI, Motorola, National, program a 64K EPROM inless than and other development systems 
Raytheon, Signetics and half the time it takes to program a without intermediary equipment. 
Texas Instruments. UniPaks 16K EPROM using standard Let us show you the future. 
software assembles the program- methods. The new Data |/O System 19/ 

ming algorithm and selects the : And the System 19/UniPak is JniPak is available now. To make 
correct socket for 16, 18, 20, 24 easy to operate, with a minimum of arrangements for a demonstration or 
and 28-pin PROMS. operator training. to get your free copy of this valuable 


System 19/UniPak gives you New System 19 concept is 32-page book, circle reader ser- 
design and purchasing free- openendedtokeepitstate = vicenumberorcontact Datal/O,PO 





dom. [his means you can select of the art. [he Sysiem 19 is Box 308, Issaquah, WA 98027. 
the best PROM for each application, designed aroundastandardmain Phone 206/455-3990 or TOLL 
and you can second-source forthe frame and plug-in modules. FREE: 800/426-9016. 





best price and availability. 


Semi-house approvals and 
easy calibration help main- 
tain higher device yields. 
UniPak has earned written approv- 
al from device manufacturers. And 
easy calibration lets you keep per- 
formance within PROM manufactur- 
ers’ specifications. 
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modems, many other data sets are available for OKM 
use. The table lists some representative sets offered 
for OEMs. Such manufacturers as Avanti, Gandalf, 
Kapusi, Tuck Electronic and Versitron offer units that 


can send data at high rates over limited distances. 
Such devices are called line drivers, modem elimina- 
tors, limited-distance data sets or short-haul modems. 

Kapusi Laboratories offers a distinctive limited- 
distance data transceiver, the DT19.2. Both models, 
the L and S, offer outstanding protection from dis- 
turbances on the transmission-line crosses. The L 
model has the Kapusi Modemguard module mounted 


on it, which makes the card virtually impervious to 


harm from overvoltage on the four-wire lines the 
transceiver services. 


Networks keep the data and words traveling 


ook within any modern organization, and one thing 
becomes readily apparent: Data and word-process- 
ing equipment is proliferating—and built-in com- 
munications functions are spreading. Often located 


far apart, units handling these functions need to be ~ 


tied together into an efficient information-transfer 
network. It’s up to distributed-processing network 
designers to do the job, and the job is getting to be 
more demanding. Not only must transmission chan- 
nels be shared but often they must operate simultane- 
ously without interfering with each other. At this 
ascending level of communications design, modems 
are just the beginning: Multiplexers, concentrators 
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Thirty-two data-comm channels offering an aggregate 
data rate of 38,400 bits/s can be multiplexed for 
transmission over a single 9600-bit/s line by assigning line 
access only to active channels in the Supermux 680, 
Infotron System’s statistical multiplexer. The unit adds 
error protection, priority control, data compression and 
other capabilities. 
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and intelligent controllers must become a much 
greater part of the solution. 

With transmission channels the most expensive 
sector of most communications systems, network 
designers are striving to get distinct units to com- 
municate over a few actual channels (lines) as possible. 
That’s where multiplexers come in. At the sourcing 
end, a multiplexer funnels data-bearing signals into 
fewer channels. At the receiving end, a compatible 
demultiplexer restores the original separate structure 
and places the appropriate data signals on each fanout 
line. 

One popular way to share channels is frequency- 
division multiplexing. Under FDM, the total channel 
bandwidth is divided into subchannels that operate 
within allocated, nonoverlapping frequency bands. 
Being an analog transmission technique and thus 
having its signals subject to degradation from noise 
and distortion, FDM is best suited to the relatively 
short transmission distances in local data-distribution 
networks. 


Coaxial goes local 


FDM goes hand in hand with developments spawned 
by the cable-TV industry for its own distribution 
systems. In particular, the usual 300 (and now 400- 
MHz) bandwidths of broadband coaxial-cable systems 
can be used to advantage by designers of local data- 
distribution networks. 

The link between FDM and coaxial cable—and the 
key to accessing coaxial nets—is broadband rf 
modems, which can be tuned to operate with nonin- 
terfering carriers, spaced appropriately within the 
cable bandwidth. 

By including the modem functions, the 3200 series 
of FDM devices from Tuck Electronic can provide 
thousands of low, medium or high-speed data sub- 
channels over standard cable-TV facilities. Taking 
advantage of the backward channel in FCC-approved 
cable-repeater amplifiers, these multiplexers can op- 
erate in full-duplex mode on one cable. Internal 
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This monolithic 8-bit, 
3ansec A/D converter has everything 


(And a test board to prove it.) 


We've been told that the spectacular 
specs of our newsmaking TDC1007J 
A/D converter are almost unbelievable. 
So we’re making a ‘“‘show me’”’ offer 
that will make a believer out of every 
digital-thinking designer. 

Order our monolithic 8-bit 33nsec 
A/D converter on its own standard 
42" x 5%" evaluation board 
(TDC1007PCB). Fully assembled and 
tested, equipped with a 44-pin edge 
connector. Using +5V and + 15V 
power supplies, the board accepts and 
digitizes a 1-volt peak-to-peak signal 
from a 75-ohm source—at up to 
30 megasamples per second. 

Use it for performance evaluation of 
the converter. For system prototyping. 
As a test fixture. Price for 8-bit converter 
and board: $845. (Only $585 in 100s.) 

Or if you prefer, deduct a hundred 
bucks and order our beauty by itself. 
Order just the converter (TDC10074), in 
an industry standard 64-pin DIP. 


(Only $485 in 100s.) We’ll send along our 


TRW keeps you ahead in digital signal processing 


data sheet/application notes to help 
you do your own thing. 

Either way you go, you've got the 
TRW advantages: Up to 10-1 power 
reduction over other video-speed A/D 
converters and more than two-thirds 
size reduction. Conversion with 
unmatched accuracy at up to 30 mega- 
samples per second. Highest reliability 
and stability over an indefinite time 
span. Wide temperature range 
performance. 

Using the TDC1007J is simplicity 
itself. A convert signal strobes 255 
comparators, encodes all their binary 
outputs into an 8-bit word, and stores 
the word in an output latch. Unlike 
other types, our converter needs no 
sample-and-hold circuit. lt works as a 
flash converter—doesn't depend on 
tedious successive-approximation 
techniques. 

Either on the board or by itself, 
these products are now in stock at 
Hamilton/Avnet. 
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For immediate information, call 


213/535-1831 or send in coupon or 
just attach your business card 
to this page and mail it back to us. 
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TRW LSI Products 
P.O. Box 1125 
Redondo Beach, CA 90278 


Please send data sheets on the TDC1007PCB 
and TDC1007¥ 8-bit A/D converter. 
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filtering keeps them either within standard TV-chan- 
nel frequency spacings or within the interchannel 
spacing. | 

Another approach to local networking over broad- 
band coaxial cables comes from Network Resources 
Corp., whose soon-to-be-announced SM780 frequency- 
agile data set is essentially a wideband microwave 
modem and multiplexer in one. Each unit operates, 
under computer or manual control, on any of 60 100- 
kHz-wide channels. Each channel can handle syn- 
chronous data at up to 56 kbits/s, or asynchronous 
data up to 9.6 kbits/s. The device’s 24-MHz spectrum 
allows network designers to stuff 420 full-duplex 19.2- 
kbit/s asynchronous links for point-to-point service 
into one coaxial cable’s bandwidth. An error rate of 
1 in 108 should be welcome for most applications while 
the Ready to Send/Clear to Send delay of four clock 
cycles looks good for polling applications. 

For very-high-speed data comm over broadband 
coax, Amdax (the new name for American Modem 
Corp.) offers a family of broadband microwave 
modems that operate under quadrature-PSK mod- 
ulation. This scheme provides channel spacings of 0.7 
Hz per bit. And in the full-duplex Model-1060 modem, 
in particular, the data rate is 6.128 Mbits/s. 

Being analog also has advantages for FDM, which 





Designers can add 8, 16, 24 or 32 communications lines 
to a DEC PDP-11 with the programmable DV/16 from Able 
Computer, which transfers words instead of bytes. Full 
control of the data sets is provided for 16 lines. 
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comes in handy for transmission over leased voice- 


grade lines. Because it is an analog technique, FDM 


can handle voice and data signals concurrently, as well 
as allow data-comm-system designers to place termi- 
nals operating at different data rates on the same lines 
at the same time. : 

For example, card versions of Prentice’s FDM 
equipment support half, full-duplex, or polled 
asynchronous data comm over either two or four-wire, 
3002-type, voice-grade lines. One unit can handle 
single-channel data rates up to 1200 bits/s and can 
service as many as 25 terminals, each operating at 
75 bits/s. 

Tele-Dynamic’s 7260 Series of FDM equipment 
provides half or full-duplex, point-to-point, or multi- 
point communications over unconditioned lines. The 
single-channel cards allow data rates as high as 600 
bits/s to be mixed until their total fills the phone- 
line capacity. (Many former Tele-Dynamics data- 
comm products are now available from Penril). Other 
data-comm-equipment manufacturers, including 
Tuck, offer card-level FDM systems. 

Another class of analog equipment for sharing data- 
comm facilities allows up to four terminals to use the 
same modem and therefore the same transmission 
line. The names may vary with the company—Termi- 
nal Bridge (Versitron), Modem Sharing Device (Para- 
dyne) and Modem Multiplier (Gandalf)—but all are 
essentially 4:1 contention units that grant an active 
terminal first-come, first-served access to a modem 
via the RTS signal. 

The Modem Sharing Device (835) and the Modem 
Multiplier (MM-4) lock out all but the active port until 
it completes its transaction—no matter how long this 
takes. The Terminal Bridge (TB-1) adds a time-out 
safety feature to the common RTS-initiated access. 
If a terminal exceeds one of eight preset, allotted time 
intervals (ranging from 250 ms to 8 s), the Terminal 
Bridge drops its CTS and grants the other three inputs 
priority. If the same terminal overruns twice con- 
secutively, the bridge (until reset manually) auto- 
matically locks it out, granting access only to the 
others. 

Yet another type of analog data-comm device, called 
a Bandsplitting Modem by Infotron Systems, allows 
up to four medium-speed devices to share one high- 
speed line. The D19600 accepts inputs from channels 


operating at data rates of 2400, 4800 and 7200 bits/s. 


Under control of an internal microprocessor, the unit 
then forms a 4800 or 9600-bit/s composite signal and 
places it on a point-to-point, full duplex, four-wire, 
3002-type private line with D1 conditioning. In addi- 
tion, a bit-interleaving modulation scheme, automatic 
equalizing and digital filtering provide a bit-error rate 
of 1 in 10® at 9600 bits/s on an unconditioned line 
having a 22-dB signal-to-noise ratio. 

For local distribution as long as a mile on 24-gauge 
twisted pairs, Versitron’s LDMux combines up to 15 
data channels, each operating at up to 9.6 kbits/s, or 
seven channels, each operating at up to 19.2 kbits/s. 
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Two sets of twisted pairs are needed because the units 
transmit data and control signals over separate wire 
pairs. Hence, the LDMux comes in data and control- 
signal versions. 

In the digital sector of communications, time- 


division multiplexing (TDM) extends interleaving 
from the bit to the character level. TDM devices 
combine data from various inputs by assigning each 
a fixed time slot on the high-speed data link. The 
composite stream is transmitted in real time over the 
high-speed link. Then the information is assembled 
back into the original lines at the receiving end. 
Ideal for OEMs in that it comes on one PC card, 
Intertel’s MX400 TDM device works with the 
company’s MCS series of 4800 or 9600-bit/s modems. 
The card multiplexes up to four synchronous data 
streams, with an aggregate bit rate equal to the 
associated modem’s, onto one speedier channel. An 


Packet-switched protocols demand new diagnostics 


When a data communications network uses a 
packet-switched protocol (like CCITT’s X.25), the 
diagnostics must change. 

The X.25 standard specifies three levels of network- 
access protocols (listed by their increasing require- 
ment for intelligence): 

a Electrical protocols, for physically connecting to 
the network 

ws Link protocols for logically accessing the network 

=» Packet protocols for establishing and main- 
taining virtual circuits. 

Each level is logically independent of the other two; 
that is, the electrical-level protocol does not exchange 
commands with the link or packet-level programs. 
Within each level of protocol, the Data Terminal 
Equipment (DTE) affects only the Data Circuit Termi- 
nating Equipment (DCE), the node processor. 

At the electrical level (as in more conventional data- 
comm networks), loopback tests determine the hard- 
ware integrity; but testing is more complex than 
merely throwing a switch. Since the data carries 
control and addressing information for the link and 
packet levels, the data cannot be handled trans- 
parently and a higher protocol must recognize the 
loopback levels. 

The link level automatically detects and corrects 
errors. Therefore, the network manager may never 
see them during ordinary loopback. Loopback testing 
must include a method for capturing and reporting 
any retransmissions performed. 

At the link level, depending on the X.25 implementa- 
tion, the protocol can offer many diagnostic aids: 

» CRC Error Detection/Retransmission: The detec- 
tion and recording of retries indicates the integrity 
of the data-link and monitors the performance of the 
transmission medium. 

= Protocol Procedure Errors: When a protocol error 
is made, the link-level processing element detects the 
discrepancy. This can isolate failures in the DTE and 
DCE processors. 

a Data Flow Errors: The link level also controls, 
data flow. Monitoring this flow can help detect memo- 
ry failures, undersized buffers and processor failures. 
Any such fault might allow the throughput to swamp 
the DTE’s or DCE’s capacity. 
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USER'S 
DATA 





= Time Outs: The protocol defines certain internal 
counters which run out if the DTE fails to respond 
in a specified time. These indicate electrical-level 
failure at the modem or trunk level, and also flag 
DTE/DCE malfunctions. 

At the packet level, the protocol detects network 
problems related to user error, rather than to hard- 
ware or software failures. Among the exception condi- 
tions captured and coded at this level are: network 
congestion, “wrong numbers” (such as “no DTE at that 
address”), billing inconsistencies (including “reverse 
charging not accepted”) number busy and “access 
barred,” which may be a security precaution. 


Ashok K. Dhawan 

Director of Product Development 
Tran Telecommunications Corp. 
Marina Del Rey, CA 
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Not long ago Augat introduced 
the HOLTITE® concept of solderless 
sockets, to give you zero-profile 
component plugability without 
conventional sockets or solder, and 
the unmatched dependability of 
machined beryllium contacts. 

Now we've made the HOLTITE 
idea practical for almost every 
application— including ones where 
PC boards already contain soldered 
components. The HOLTITE System 
offers a new, low-cost device which 
oresses HOLTITE contacts into 


HOLTITE pneumatic hand tool system, 
Model No. 736-MOO20 — $495.00. 


plated-through holes, converting 
the holes into plug-in sockets. 
Contacts for this system are pre- 
loaded in DIP patterns on a Mylar 
carrier strio supplied on reels. Typical 
insertion rate for the machine is 
5.000 contacts/hour. A new 
hand-held pneumatic insertion tool 
is now available for loading random 
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or TO pattern contacts. 

And if you need mass loading 
capability, we can lease you a 
machine that loads more than 
50,000 contacts/hour. 

The thing to remember 
is. NO matter what the size 
or nature of your applica- 
tion, the HOLTITE System 
can now offer you all the 
advantages of sockets— 
reduced test-cycle times, less 
damage to ICs and PCs from 


soldering and easier component 
changes. HOLTITE delivers all these 


benefits and still gives you card 
spacing as low as 400" 

You don’t have to change ¢ 
a thing to use HOLIITE; simply 
drill the holes fo the recom- 
mended diameter. Prove it 
for yourself. Order one of Our 
HOLTITE Prototype kits with tools, 
contacts and instructions. The kit 
costs only $94.50. Contact your 
local Augat distributor, or write 
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AUGAT SOLDERLESS SOCKETS. 
RIGHT ACROSS THE BOARD. 





Fey 
. 


Augat Interconnection Systems 
Division, Inc., P.O. Box 779, 
Attleboro, Mass. 02703. 

Tel OI7) 222-2202. 


Bench to pneumatic insertion machine, 
Model No. 736-MOOI5A — $695.00. 


AUGAT 


Augat interconnection products, 
lsotronics microcircuit packaging, 
and Alco subminiature switches. 
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elastic buffer storage within the multiplexer auto- 
matically corrects the phase differences between the 
modem’s transmitter and the channel clock. This 
feature helps reduce errors in communicating with 
remote terminals. 

Timeplex’s T4,T16 and T20 TDM devices intermix 
synchronous, asynchronous and isochronous data, 
formatted in almost any manner from 4, 16 and 20 
channels, respectively, with no restriction on channel 
speed. Then the stream of combined data can be 
transmitted over such varied data-link types as the 
DDD network and satellite channels at up to 19.2 
kbits/s. - 

Moreover, for as many as 96 input lines, the T96 
handles input-channel speeds up to 256 kbits/s. In 
addition to incorporating the virtues of the smaller 
units, the 96-channel device can operate three high- 
speed data links simultaneously and reroute traffic 
automatically. An automatic-fallback feature ensures 
continuing operation in the face of line impairments. 

Both frequency-division and time-division multi- 
plexers help transmit data in real time—but a great 
deal of data need not be transmitted in that context. 
In that case, systems designers can increase leased- 
line-use efficiency by balancing the load. That means 
temporarily storing the data in a buffer for batch 
transmission during off-hours. 

The Comm-Stor family (Sykes Datatronics) of three 
microcomputer-driven terminal attachments stores 





A small computer in its own right, HP’s intelligent network 
processor relieves CPUs in the HP3000 series of minis of 
90% of the communications-overhead tasks. AuP on 
board the INP is supported by 32 kbytes of on-board RAM. 
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data on diskettes from such sources as terminals, 
printers and modems. Comm-Stor II provides general 
data-comm port buffering, storage and 
retransmission capabilities. Comm-Stor III can turn 
a terminal into asophisticated form-data entry station 
with the capacity for unattended data communica- 
tions. Comm-Stor IV adds programmability, in Basic, 
to data-entry, storage and retransmission capabilities. 

All three models feature single or dual-disk drives 
with a 256-k character-per-diskette capacity. This 


translates into 100 to 200 pages per diskette. 


Intelligence helps 


But when data must be transmitted in real time, 
say in on-line or interactive systems, fixed TDM can 
have a serious drawback: The data-link time slots 
assigned to inactive devices go unused, dropping line- 
use efficiency—even during peak hours. 

A class of uP-based, intelligent TDM devices called 
statistical multiplexers, or intelligent concentrators, 
addresses the problem of variable input-channel ac- 
tivity by allocating the high-speed data-link 
bandwidth only to active inputs. Because the through- 
put of statistical multiplexers depends on input- 
channel statistics, no absolute figure can be quoted. 
In practice, however, the throughput usually improves 
by about 45% over fixed TDM. 

Not only the inputs but also the coding and framing 
schemes vary for transmitting concentrated data. 
Individual statistical multiplexers use different data- 
transmission and then transmit the data in blocks 
whose lengths vary with the channel’s activity. 

The Micro 800 is intended to help data-comm- 
network designers upgrade minicomputer-based sys- 
tems using “dumb” terminals to performance levels 
on a par with “smart” terminals working into main- 
frames. To this end, the Micro 800, as well as the new 
Micro 900 multidrop concentrator, provides for auto- 
matic retransmission-on-error. Both units handle up 
to 16 remote terminals. The 800 links a cluster of 
terminals in one regional office to a central mini, over 
one point-to-point telephone link. The 900 links up to 
eight regional offices over one multipoint line. 

Another statistical network processor that can poll 
terminals at remote sites along one transmission line 
is the Prentice SNP-1000. This multiplexer comes in 
two, four and eight-input-channel models. 

Packet switching, under Level 2 of the X.25 interna- 
tional data-communications protocol, controls trans- 
mission in Timeplex’s Series II microplexers. These 
devices come in versions that can concentrate four, 
eight or 24 input channels onto one full-duplex output 
link operating at up to 19.2 kbits/s or two full-duplex 
links at up to 9.6 kbits/s each. Each channel can be 
preassigned one of three priority levels. 

Infotron adds data-compression capability to the 
error protection, two-level priority control and other 
features of its new intelligent concentrator, the Super- 
mux 680. Input channels can be preselected for com- 
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For controls that speak for themselves: 


DANGER 
STOP TEST 
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A microcomputer module that talks. 
From the leader. Texas Instruments. 


In busy and visually cluttered in- 
dustrial environments, speech is of- 
ten the only effective means of com- 
munication. That’s why Texas 
Instruments just added a unique 
speech synthesis module to its lead- 
ership series of TM990 microcompu- 
ters. Working with a TM990/100 or 
101M CPU, the new TM990/306 
module can verbalize 179 words, in- 
cluding 0 to 12 and A to Z. Loudly. 
And clearly. 


Applications: the sky’s 
the limit 


Applications are limited only by 
your imagination. Anywhere you 
need vocal instructions, you can use 
the new TM990/306. In employee 


training. To replace or supplement 
alarms and indicators. Whenever 
you must improve the machine/man 
interface. 


Expandable vocabulary 


You construct commands and in- 
structions from the basic word 
bank. It’s large enough for most in- 
dustrial applications. But, with a lit- 
tle ingenuity, you can enlarge the 
TM990/306 vocabulary. For in- 
stance, combine “N” with “crease” 
for “increase”. Or “push” with “but- 
ton”, “over” with “range”. 


An on-board amplifier can drive 
an 8-ohm speaker to a 2.5 watt out- 
put. You can also connect an exter- 
nal amplifier to the pre-amp output 


so that everyone in an area can get 
the message at once. 

At a quantity one price of 
$1280.00*, the TM990/306 module 
brings you clear, concise industrial 
grade speech. It brings to more 
than 60 the TM990 modules and ac- 
cessories that speed and simplify 
the use of microelectronics in com- 
mercial and industrial applications. 


Hear the TM990/306 speak today. 
Arrange an audition at your nearest 
TI Distributor System 
Center. Or for more 
information, write 
Texas Instruments 
Incorporated, P.O. 
Box 1448, M/S 6404, 
Houston, Texas 77001. 


*U.S. price, subject to change without notice 
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pression, which can be particularly rewarding on 
channels carrying tabular data. Up to 32 input lines, 
with an aggregate data rate of 38.4 kbits/s, can be 
concentrated to pass over one 9.6-kbit/s output line. 

At higher levels of networking, remote concen- 
trators like the CC-8R and the bigger CC-80 from 
Computer Communications concentrate up to 64 and 
240 input lines, respectively. They then communicate 
with the company’s CC-80 or CC-85 communications 
controllers, which can concentrate up to 1232 lines and 
work with up to seven host CPUs. 

Mini or microcomputer-based equipment and sys- 
tems can have their communications capabilities 
enhanced with compatible card-level modules. Many 
of these cards use on-board uPs. Among the most 
powerful of these front-end communications-con- 
troller and expansion boards are those dedicated for 
operation with such computer systems as the HP3000 
series of minis in distributed networks; the SBC 
single-board family from Intel; the Series/80 
BLC/SBC board-level uC system from National; the 
MDX-CPU1 module, Mostek’s Z80-based uC board; the 
Naked-Mini-4 series of card-level minis from Com- 
puter Automation; and the PDP-11 series of minis 
from DEC. 

HP’s 800010A and 300020A intelligent network 
processors link HP3000 computers to other CPUs in 
a distributed-processing system. Using on-card memo- 
ry, the INPs assume front-end communications re- 
sponsibilities, such as control and data buffering for 
the Bisync protocol used by the system. In half or full- 
duplex modes, the data rates can go as high as 19.2 
kbits/s. 

With one of Intel’s iSBC 544 boards, foi program- 
mable serial-I/O channels, whose communications 
functions and buffer management are controlled by 
a dedicated 8085 uP, can be added to equipment 
containing Intel’s single-board computers. Each of the 
four serial-I/O lines in one of these intelligent com- 
munications controllers can be programmed to select 
the data-comm protocol, synchronous or 
asynchronous operation, and baud rate. Each channel 
supports a 26-pin, RS-232C interface. In addition, the 
board provides a 10-bit, parallel-I/O port that is 
directly compatible with an automatic calling unit like 
the Bell 801. 

National’s BLC-8538 provides eight independently 
programmable, RS-232C data-comm channels. Each 
of these full-duplex serial, I/O channels can be pro- 
grammed for synchronous or asynchronous operation, 
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individual data formats and parity, one-of-16 baud 
rates up to 19.2 kbits/s, and modem control. 

Mostek’s MDX-SIO serial-I/O module provides two 
independent, full-duplex-serial-I/O channels with pro- 
grammable baud rates to 19.2 kbits/s. The serial-I/O 
data are sent to the card-edge connector in either 20- 
mA current-loop or RS-232C form. 

Computer Automation’s uP-controlled asynchro- 
nous-multiplexer card set adds four full-duplex or 
eight half-duplex, asynchronous, serial-I/O data- 
comm channels to any computer in the company’s 
Naked-Mini-4 series. Each channel can communicate 
with a remote or local RS-232C device, at a data rate 
independently programmable to 19.2 kbits/s. 

Able Computer’s DV/16 programmable DMA com- 
munications multiplexer can speed-up the data- 
transfer rate of a DEC PDP-11 minicomputer system 
by transferring words instead of bytes. The four- 
module unit provides up to 32 channels of synchronous 
or asynchronous DMA data-transfer capability along 
with the data-set control for communicating to remote 
terminals. as 
























-Data-comm manufacturers 


Avanti, Aquidneck Industrial Park, Newport, RI 02840. (710) 387-6543. 
Amdax, 160 Wilbur Pl., Bohemia, NY 11716. (516) 567-7887. 


Burr-Brown, International Airport Industrial Park, Tucson, AZ 85734. (602) 
746-1111. 


Cermetek Microelectronics, 1308 Borregas Ave., Sunnyvale, CA 94086. (408) 
734-8150. 


Computer Automation, 2181 Dupont Dr., Irvine, CA 92713. (714) 833-8830. 


Computer Communications, 2610 Columbia St., Torrance, CA 90503. (213) 
320-9101. 


Digilog Systems, Babylon Rd., Horsham, PA 19044. (215) 672-0800. 

Gandalf Data, 1019 S. Noel, Wheeling, IL 60090. (312) 541-6060. 

Galite, 2 Tower Dr., P.O. Box 50, Wallingford, CT 06492. (203) 265- 7126. . 

Halcyon, 2 Halcyon Plaza, 2121 Zanker Rd., San Jose, CA 95131. (408) 
293-9970. : 


Hewlett-Packard, 19447 Pruneridge Ave., Cupertino, CA 95014. (408) : 
725-8111. (Network processors) 


Hewlett-Packard, 640 Page Mill Rd., Palo Alto, CA 94304. (415) 493-1212. (Fiber 
optics) 


Honeywell, Honeywell Plaza, Minneapolis, MN 55408. (612) 870-2520. . 
Infotron Systems, Cherry Hill Industrial Center, Cherry Hill, NJ 08003. (800) _ 
257-8352. - 


Intel, 2625 Walsh Ave., Santa Clara, CA 95051. (408) 987-8373. 

Intertel, 6 Vine Brook Park, Burlington, MA 01803. (617) 273-0950. - 

a bay oaeupeee 2121 S. El Camino Real, San Mateo, CA —— 
S 


Meret, 1815 24 St., Santa Monica, CA 90404. (213) 828-7496. __ — 
Micom Systems, 9551 Irondale Ave., Chatsworth, CA 91311. (213) 882-6890. : - 
3M, P.O. Box 33600, Saint Paul, MN 55133. (612) 733-9214. _ 
Mostek, 1215 W. Crosby Rd., Carrollton, TX 75006. (214) 323-6168. 


National Semiconductor, 2900 Semiconductor Dr., Santa Clara, CA 9805 ce 
(408) 737-6582. 





Novation, 18664 Oxnard St., Tarzana, CA 91356. (213) 996-5060. - 

Optelecom, 15940 Luanne Dr., Gaithersburgh, MD 20760. (301) 948-4232. — 

nies coo Systems, 350 Executive Blvd., Elmsford, NY 10523. (914) 
-5850. — 


Paradyne, 8550 Ulmerton Rd., Largo, FL 33540. (813) 536-4771. 

Penril, 5520 Randolf Rd., Rockville, MD 20852. (301) 828-0522. 

Prentice, 795 San Antonio Rd., Palo Alto, CA 94303. (415) 494-7225, 

Racal-Vadic, 222 Caspian Dr., Sunnyvale, CA 94086. (408) 744-0810. 

RCA, New Holland Ave., Lancaster, PA 17604. (717) 397-7661. - 

Rockwell International, 3310 Miraloma Ave., Anaheim, CA 92803. (714) — 
632-1086. 


Spectronics, 830 E. Arapaho Rd., Richardson, TX 75080. (214) 234-4271. 
Sykes Datatronics, 375 Orchard St., Rochester, NY 14606. (716) 458-8000. 
Texas Instruments, P.O. Box 225012, Dallas, TX 75265. (214) 238-4422. 
Timeplex, 100 Commerce Way, Hackensack, NJ 07601. (201) 646-1155. 
i 2500 Walnut Ave., Marina Del Rey, CA 90291. (21 3) 


Tuck Electronics, 3645 Industrial Park Rd., Camp Hill, PA 17011. (717) 
761-4354. | 

Universal Data Systems, 4900 Bradford Dr., Huntsville, — 
837-8100. CC 


Valtec, West Boyleston, MA 01583. (617) 835-6082. 
Ven-Tel, 2360 Walsh Ave., Santa Clara, CA 95050. (408) 984-2727. < 
Versitron, 6310 Chillum PlI., NW, Washington, DC 20011. (202) 882-8464, 
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SUPERIORITY at your fingertips. The superiority of Digitran’s MINIKEY® is reflected in 
its tactile feel and unfailingly fast and positive contact closures. And now, for even greater 
reliability, newly designed with redundant contacts. Our MINIKEY® is so distinctive, it’s patented. 
Whether customized or off-the-shelf, our low-profile keyboards perform better because they 
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ae AMP CHAMP 
Connectors give me the design 
flexibility | need. And mass 

lermination helps cul my costs. 
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The flexibility you need for cable-to- 
cable, cable-to-panel, and p.c. board 
applications. All from the CHAMP family 
of connectors. All with the cost saving 
advantages of mass termination. 

For example, CHAMP Latch ribbon 
cable connectors allow you to mass 
terminate .050" ribbon cable to standard 
.085" centerline |/O interfaces. 

With CHAMP ACTION PIN p.c. 
board connectors, you have the 
reliability, safety, and capability to 
produce completely solderless 
backplanes. Not to mention lower 
production costs. And there are vertical, 
edgeboard, and even right angle 
versions available so you can mate 
parallel to the board. 

Plus, IEEE #488 
approved connectors 
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anc metric hardware, along with 
CHAMP-LOK Connectors for the 
simplest locking hardware you can buy. 

It's all here. Design flexibility and 
cost-effective mass termination. In one 
connector family from AMP. 

For more information about how 
you can put that family to work for you, 
call the CHAMP Information Desk 
at (717) 780-8400. Or write us. 

AMP Incorporated, 
Harrisburg, PA 
17105. 
















Some facts worth knowing about 
CHAMP connectors: 


Description: A complete family of 

.085"¢ connectors for cable-to-cable, 

cable-to-panel, and pc board 

applications. Intermateable with all 

existing similar types. 

Termination: Mass terminates 
_unstripped solid and stranded 

(7 strand) wire, multiconductor cable 

and certain ribbon and molded cable 

on .085" or .050" centers. 

Positions: 14, 24, 36, 50, and 64. 

With a choice of mounting methods. 


Wire size: 22-26 AWG (solid) and 
22-28 AWG (7 strand) with insulation 
diameters to .045" max. 





ACTION PIN, CHAMP-LOK, CHAMP and AMP are 
trademarks of AMP Incorporated. 


AMP has a better way. 
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Meet the Micro8s00. 
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Are you designing systems using minicomputers and mul- 
tiple remote terminals? If so, chances are you could save 
yourself a bundle with a smart little box from MICOM to let 
several terminals share one phone line. 

Meet MICOM's Micro800 Data Concentrator, the intel- 
He feta) @aaleiieelisy.colmersr-jre arse Vitam (a[om@) =] VN an tal ace mm esi [ale Bale 
latest statistical multiplexing techniques, it operates super 
efficiently with interactive asynchronous terminals, alloca- 
ting time on the line dynamically to terminals as they need 
it. In addition, it provides automatic retransmission-on- 
error, allowing your terminals to operate ‘glitch-less’, even 
on poor phone lines....and it requires absolutely no 
changes to your existing hardware and software. 

There are Micro800 models available to support from 2 
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to 16 terminals. And, if you're only interested in eliminating 
those phone line ‘glitches’, we even have a low-cost single 
channel configuration for lone terminal installations. So 
why re-invent the wheel? Why not take a closer look at the 
Micro800? We challenge you to build it for less! And we 
think you'll even like our packaging. 

With over 10,000 Micro800’s delivered to date, our 
smart little box is already in volume production, with quick 
delivery on all models. And you'll find our OEM discount 
attractive, too. 

Send for complete details today . . .better still, why not 
call and order a pair on a 30-day sale-or-return basis. No 
Sj (alate tome litclealoren 

We know you'll believe it when you see it! 


‘Ofelarersialagsi ice 
Its cheaper! 


Aon Nacrocoputers for eisConinistions : 


MICOM SYSTEMS, INC. e 9551 Irondale Avenue @ Chatsworth, California 91311 ¢ Telephone (213) 882-6890 ¢ TWX 910/494-4910 
Regional Offices e Atlanta (404) 452-1600 ¢ Boston (617) 235-8870 @ Chicago (312) 823-9330 
BYcvalVclm (610) ROY M Ee AcRoM Mod alit-(e(c1| alte (elec) PaeV Asc lelole) 


Available now from these stocking reps . 


Alabama: (800) 327-6600 @ Alaska: (907) 276-5616 @ Arizona: (602) 994-5400 @ Arkansas: (214) 620-1551 @ California: AAaeleD (714) 635-7600/Lodi (209) 369-1883 
San Diego (714) 578-5760/Santa Clara (408) 249-2491 @ Colorado: (303) 371-2422 @ Connecticut: (203) 226-4281 @ Delaware: (609) 779-0200 @ Florida: Coral Springs 
(800) 432-4480/Orlando (800) 432-4480 @ Georgia: (800) 327-6600 @ Hawaii: (808) 261-3751 @ Illinois: (312) 255-4820 @ Indiana: (317) 846-2591 @ lowa: (402) 895-5850 
Kansas: (816) 252-3700 @ Kentucky: (317) 846-2591 @ Louisiana: (800) 327-6600 @ Maine: (617) 235-5520 @ Maryland: (301) 261-4344 @ Massachusetts: (617) 235-5520 
Michigan: (313) 588-2300 @ Minnesota: (612) 425-4455 @ Mississippi: (800) 327-6600 @ Missouri: Independence (816) 252-3700/St. Louis (314) 721-0401 @ Montana: 
(801) 466-6522 @ Nebraska: (402) 895-5850 @ Nevada: (714) 635-7600 @ New Hampshire: (617) 235-5520 @ New Jersey: North (212) 687-2455/South (609) 779-0200 
New Mexico: Albuquerque (505) 292-1212/Las Cruces (505) 523-0601 @ New York: New York City (212) 687-2455/Rochester (716) 385-302 1/Selkirk (518) 439-3070 @ North - 
Carolina: (800) 327-6600 @ North Dakota: (612) 425-4455 @ Ohio: Cleveland (216) 267-0445/Dayton (513) 434-7500 @ Oklahoma: (214) 620-1551 @ Oregon: 
(503) 224-3145 @ Pennsylvania: East (609) 779-0200/West (412) 892-2953 @ Rhode Island: (203) 226-4281 @ South Carolina: (800) 327-6600 @ South Dakota: 
(612) 425-4455 @ Tennessee: (800) 327-6600 @ Texas: Dallas (214) 620-1551/Houston (713) 862-6685 @ Utah: (801) 466-6522 Vermont: (617) 235-5520 @ Virginia: 
(301) 261-4344 @ Washington: (206) 763-2755 @ West Virginia: (412) 892-2953 @ Wisconsin: (414) 547-6637 @ Wyoming: (303) 371-2422 
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Advanced-NMOS codec-filter chip combines 
top performance with very low power 


dvanced circuitry allows anew NMOS codec-filter 

chip to meet Bell System D3 and CCITT specifica- 
tions while drawing just 10% of the power of previous 
NMOS filter chips—and, remarkably, without any 
cost or performance tradeoffs. In fact, besides cutting 
required power dramatically, the MK5912, which 
contains both transmitting and receiving filters, offers 
not only the convenience of operation from low-voltage 
power supplies but also better rejection of low-fre- 
quency noise and lower levels of idle-channel noise. 
To these attributes add small chip 
size, simple processing and in- 
herently precise response without 
trimming. 

The key to high performance at 
low power levels lies in advanced 
designs for both the analog and 
digital circuitry on the chip. As Fig. 
1 shows, the chip has two separate 
filter sections: one for trans- 
mitting, one for receiving. Fig. 2 
shows the transmit-channel filter. 
At the transmit-section input there 
is an anti-aliasing filter with a 
nominal 3-dB frequency of 32 kHz. 
Next comes a third-order mono- 
tonic high-pass filter unit that sup- 
presses 50 to 60-Hz signals (and 
even lower frequencies) that are 
often induced onto telephone lines 
from power lines. The high-pass 
unit uses a doubly terminated 
switched-capacitor ladder sampled 
at 256 kHz. 

Putting the anti-aliasing and 
high-pass units first protects the 
dynamic range of the next section, 
a low-pass, fifth-order elliptic 
filter. The overall transmit section 
has a response within the Bell Sys- 





lan A. Young, Section Leader, Tele- 
communications Design, David B. 
Hildebrand, Telecommunications De- 
sign Engineer, and Charles B. John- 


son, Telecommunications Design 
Manager, Mostek, Carrollton, TX 
75006. 
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tem D8 specifications (striped areas in Fig. 3a). 

The receive section also contains a fifth-order, 
elliptic, low-pass, doubly-terminated, switched-capac- 
itor ladder. Pole and zero locations provide the re- 
quired sin x/x peaking of the low-pass response to 
match the codec. With the appropriate codec, the 
overall receive-channel response is also within the Bell 
System D3 specifications, as Fig. 3b shows. 

In addition, the receive-channel output ean directly 
drive a two-wire to four-wire telephone-line hybrid, 
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1. Advances in both the analog and digital circuitry of 
the MK5912 PCM codec filter chip cut power while 
boosting performance. The analog transmit and receive 
sections are completely independent. 





os ae ees Sees 


2. For transmit-channel filtering, anti-aliasing and high- 
pass sections come before the low-pass, fifth-order elliptic 
section to protect dynamic range. 





3. The transmit and receive-filter responses lie within the 
Bell D3 and CCITT specifications. The transmit response 
(a) is for the filter alone, while the receive response (b) 
includes the codec’s sin x/x low-pass. 
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by means of an on-chip differential power amp. This 
receive-channel power amp can send as much as 10 
dBm into a matched 300-Q2 transformer winding. 

Earlier monolithic versions of PCM filters realize 
the dual elements of the transmit filters with 
switched-capacitor techniques. But these usually suf- 
fer from two major drawbacks: 

a Sensitivity to parasitic capacitances 

=» Dependence on ratioed resistive elements to set 
absolute gain values and locate the zeroes. Resistive, 
rather than capacitive, loads cause the op amps to 
consume more precious power. 

The new chip also uses switched-capacitor techni- 
ques to create the long virtual time constants needed 
in low-frequency active filters. But here, too, lies a 
crucial difference. The MK5912’s filtering transfer 
function has been made insensitive to parasitic capaci- 
tance. Also, the critical frequencies and absolute gain 
through both the transmit and receive filters are 
controlled only by MOS-capacitor ratios. As Fig. 4 
shows, the usual R-C combinations are not used in 
the fifth-order, elliptic low-pass section. 

Of course, active filters that use switched capacitors 
in place of power-consuming R-C elements still need 
op amps. But, because of the parasitic-insensitive 
switched-capacitor operation, these circuits drive only 
small capacitive loads. Hence, more power saving 
accrues because the new scheme uses op amps with 
low operating currents in its active filters. 

The chip’s interface amplifiers also save power. At 
the peripheral analog interface, another op amp—this 
one with an efficient push-pull output stage—drives 
moderate-level impedances (down to 3 kQ) at the 
expense of only minimal current with no load. 

Yet another power-saving amplifier, whose drive 
capability boosts NMOS to new limits, uses an effi- 


Table 1. Typical filter performance 
(at +5 V and 25 C) 


Transmit 
filter 


Receive 
filter (with 
sin x/x filter) 

Total power consumption: 
in standby mode 
with power amplifier inactive 
with power amplifier driving 
—20 dBm into 600 0) 
with power amplifier driving 
O dBm into 600 02 


200 uW 
20 mW 


25 mW 
70 mW 


Passband ripple (300-3200 Hz) 

Stop-band rejection (>4600 Hz) 

Delay distortion (1000-2600 Hz) 

60-Hz rejection 

50-Hz rejection 

16-Hz rejection 

Nominal 0-dBm0 level at output 

Total harmonic distortion at +3 
dBmO, 1 kHz 

Idle channel noise, filter only 

Idle channel noise: 
transmit filter/codec/ 
receive filter, end to end 

1-kHz absolute gain variation 

Supply-voltage coefficient of 
absolute 1-kHz gain 

Power-supply rejection of Vcc 
at 1 kHz 

Power-supply rejection of Vp, 
at 1 kHz 


+005 dB 
—34 dB 
35 us 
30 dB 
a5 db 
60 dB 

2.26 V peak 


—50 dB 
6 dBrnCoO 
12 dBrnCo 

+0.1 dB 
0.04 dB/V 

39 dB 


28 dB 


+0.08 dB 
—42 dB 
120 us 


2.26 V peak 


—45 dB 
6 dBrnCoO 


+0.1 dB 

0.04 dB/V 
40 dB 
36 dB 
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4. The fifth-order, elliptic, low-pass section used in both the transmit and receive sections does not use the usual 
inductance and capacitance combinations. Instead, doubly-terminated switched-capacitor ladder circuits simulate 
lossless Land C components. 
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cient Class-AB power-output stage to drive the re- 
quired 600-2 telephone-line impedance. This MOS 
driver rivals bipolars for output-drive capability, 
while maintaining the high efficiency characteristic 
of MOS output stages. The stage uses a slight de bias 
that ensures freedom from crossover distortion. 
The upshot of all this is that even though the chip 
contains 18 op amps, it typically consumes just 20 mW 
when active. The op amps take less than 1 mW each. 


Table 2. System specs for PCM filters 


Passband flatness: central |+0.25 dB, —O0.5 dB, 
office 300 to 3000 Hz 

(2-wire) 
Toll office:|+0.15 dB, —0.15 dB, 300 
(wire) to 3000 Hz 


—32 dB above 4600 Hz 






























transmit 
channel 


Stop-band rejection: 
















receive |—28 dB above 4600 Hz 


channel 






Dynamic range 
Transmit 50/60-Hz rejection 
Absolute gain variation 









5. NMOS operational amplifiers for the MK5912’s active 
filters (shown simplified) save power because they drive 
light, capacitive-only loads. This keeps operating currents 
toa minimum. 





chip. Innovative circuitry has cut passive-component 
requirements to 350-pF MOS capacitance and 600-k22 
polysilicon resistance. 
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The chip also has a powered-down or standby mode 
in which the IC draws even less power—typically 200 
uW. In many applications, this standby feature can 
mean substantial savings, especially in equipment 
with many separate lines where statistics favor an 
activity ratio of less than unity. Then the power- 
supply and cooling requirements can be lessened. 

However, driving high power levels into standard 
subscriber lines increases power consumption. With 
the power amp driving —20 dBm into 600 Q, the chip 
draws 25 mW. With 0 dBm being driven into 600 Q, 
the chip draws 70 mW. 

For more on these and other significant features 
of the transmit and receive sections of the filter IC 
when it operates with +5-V supplies at 25 C, see Table 
1. Table 2 lists the pertinent system specifications for 
PCM filters. Comparison of the performance and 
specification values shows that the new filter chip is 
well within the required range. 

Another aspect that has received attention in the 
design of this chip is the digital control for the filter. 
Power drawn by the programmable clock divider and 
switch drivers, which in older NMOS filters draw more 
power than the entire new chip, has also been reduced 
to levels previously associated only with CMOS. In the 
digital circuits, the power problem could have been 
magnified because the chip uses both random logic 
and a high-speed programmable clock-divider. How- 
ever, two-phase ratioless dynamic logic eliminates the 
static de plaguing designers of NMOS depletion-load 
logic. 

What’s more, instead of the usual 128-kHz clock 
frequency, the MK5912 uses 256 kHz. The higher 
sampling frequency, in effect, means less high-fre- 
quency noise is aliased down into the voice bandwidth 
than with the lower sampling frequencies. In addition, 
noise sources at the input and intermediate stages of 
the op amps have been identified and minimized. 

Like noise, the size reduction depends on inter- 
related factors. First, the parasitic-insensitive 
circuitry permits using low absolute capacitance val- 
ues, even though very high ratios are needed. For 
example, the high-pass element in the transmit section 
operates successfully with only a 0.1-pF switched 
input capacitor for its integrators. Low capacitance 
values, of course, translate into less silicon area. The 
lower absolute capacitance values, in turn, require 
lower-power op amps, which also take up less room. 
The Class-AB output amplifiers are also reduced. 

All the filter functions have been implemented with 
a total of only 350 pF of MOS capacitance and 600 
kQ of polysilicon resistance. The result of all this 
silicon saving is a rather small die of 77 x 108 mil? 
(Fig. 6). Because IC yields often depend heavily on 
die size, the new chip should be easy to produce.as 





How useful? Circle No. 
Immediate design application 541 
Within the next year 542 
Not applicable 543 
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Our AML pushbuttons, indicators, paddles and rockers have a new light source. 

A unique, dual chip LED. 

Like other LED’s, this one will last a long time (its half-life is 100,000 hours or 
more). It resists shock and vibration. It uses only half the current of an incandescent. It will 
Save you money on repairs. And comes in red, yellow and green. 

But unlike all other LED's, this one is very bright. The kind of 
brightness you'd expect from an incandescent. - + 

And aspecial adapter makes it aseasytoinstallasa (se 
standard 1134 wedge base. ie 

_ Inaddition to this one very ‘bright idea, we've 
made some other additions to the Advanced Manual 
Line. Like a keylock switch, a protective panel seal, 
and a switch guard. 

Not to mention a new solid state LED 
annunciator, with more room for legends. 

| For details about these and other bright ideas 
for control panels, and the locations of our sales offices 
and distributors around the world, write MICRO m 
SWITCH, Freeport, Illinois 61032. Or call 815-235-6600. Ni IC » 


a Honeywell Division 
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DDC introduces the world’s smallest 
1553 data bus transceiver. 


The DDC-8553. data bus transceiver is 
small in size and big in benefits. Pack- 
aged in a single 24-pin DDIP hybrid, 
the 8553 consumes about one-half the 
power of other units. The hybrid is sup- 
plied with an external transformer for 
easy interfacing with the 1553 data bus. 

DDC’s capability extends to the 
complete MIL-STD-1553 A and B. The 


transceiver/transformer is also avail- 
able as part of a discrete RTU module, 
complete with encoder/decoder and 
serial-to-parallel converier. 

Consider the DDC-8553 transceiver 
for your 1553 data bus requirements 
and see how it can benefit your design. 
To find out more, write or call Depart- 
ment A-1 today. 


See us at Electro ’80, Booth #2342 and #3220 


™M 





ILC DATA DEVICE CORPORATION 


A Wholly Owned Subsidiary of ILC Industries, Inc. 
Dept. A-3, 105 Wilbur Place, Bohemia, New York 11716 
516°567*5600, TWX: 510°2287324 





LOS ANGELES: ILC Data Device Corporation, Dept. A-1, 7337 Greenbush Avenue, No. Hollywood, CA 91605 (213) 
982-6454, TWX 910-499-2674; LONDON: DDC United Kingdom Ltd., Dept. A-1, 128 High Street, Hungerford, 
Berkshire RG17 ODL, England (44) 4886-2141/2142, TLX 851-848826; PARIS: DDC Electronique, Dept. A-1, 
4 Rue De Abreuvoir, 92400 Courbevoie, France TLX 842-630609 
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Programmable data-comm chip unloads CPUs 


by running synchronous line protocols 


any of the design problems plaguing controllers 

for multiple, synchronous telecommunications 
protocols can be solved by a new data-link-control 
(DLC) chip. By efficiently performing much of the 
required protocol processing, Fairchild’s F6856 re- 
moves virtually all of the line-control-overhead 
burden from its associated processor. Capable of 
supporting both bit and character-oriented protocols 
(BOPs and COPs), the programmable LSI circuit 
simplifies the interface design of universally com- 
patible data-comm equipment. 

With line-control protocols proliferating and more 
of them promising to emerge, universality is unques- 
tionably astandout feature for data-comm equipment. 
Putting the line protocol under program control while 
keeping down CPU overhead could greatly extend the 
life of a data-comm-equipment design. 

Simple on-line reprogramming switches the DLC 
protocol among the most popular versions of BOPs 
and COPs, including SDLC, HDLC, DDCMP and 
complete Bisync. In addition, the 6856 performs the 
bulk of the required link-control processing, including: 

=» Converting parallel data from the CPU to a 
continuous serial-data stream for transmission, while 
simultaneously converting received serial data to 





Roy Kole, Manager, Telecommunications Products, Wil- 
liam Nienhaus, Senior Staff Engineer, Fairchild Camera 
and Instrument Co., 464 Ellis St., Mountain View, CA 
94042. 
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parallel data for the CPU 

= Changing transmission codes to computer codes 
(normally NRZI to NRZ) and monitoring in-transit 
streams of bits and characters for control designators 
and delimiters such as SYNC, FLAG, ABORT, etc. 

= Deleting and inserting bits and characters as 
required by the protocol 

= Interrupting the processor on end-of-message or 
under abnormal conditions (data overrun or underrun) 

s Accumulating cyclic-redundancy-check (CRC) 
characters for error detection, performing CRC check- 
ing, and providing a number of CRC options including 
CRC-16, CRC-14, CRC-12, CRC-10 and CCITT-CRC 

» Facilitating self-diagnosis, upon CPU command, 
by internally connecting the transmitter output and 
receiver input. 

Fully TTL-compatible and operating from a single 
5-V supply, the chip is organized to interface with 
either an 8 or 16-bit bidirectional data bus. As Fig. 
1 shows, it interfaces easily with most micro- 
processors and mini or microcomputers to control a 
data-communications line. As Fig. 2 shows, the device 
is functionally partitioned into the receiver, trans- 
mitter and addressable registers, and into data-bus 
control. 

Chip flexibility stems from the programmability 
provided by four 16-bit addressable registers, which 
specify the protocol and options within the protocol. 
Fig. 3 shows the bit assignments for each register, 
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F6856 pLAI488/1489 


PROTOCOL RS-232 MODEM 
CONTROLLER INTERFACE (DATA SET ) 


—= =— : TRANSMIT 
/ a cLock 

DATA BUS ENABLE _* | DATA SET READ 
// READ/ WRITE 
// CHIP INITIALIZE 


2OR 4- 
WIRE ANALOG 
COMMUNICATIONS 

LINE 


CARRIER DETECT™@ 
CLEAR TO SEND 
RECEIVE SERIAL 


INPUT 
TRANSMIT SERIAL 


OUTPUT A 
REQUEST TO SEND 


MISCELLANEOUS 
CONTROL * : 


SYNC OR FLAG 
DETECTED 


/ / ADDRESS BUS 
/TinterRuPT | 
0 RECEIVE DATA 


AVAILABLE 
TRANSMITTER 
BUFFER EMPTY 


* INVERTED 





1. The F6856 programmable protocol-control chip for 


the 8 or 16-bit bidirectional data buses of popular mini 
synchronous data communications interfaces easily with 


and microcomputers. 


1/0 BUFFERS 


BUS 


CONTROL | 


Pee) 
RECEIVER 
STATUS DATA 


TRANSMITTER 
CONTROL DATA 


REGISTER 


REGISTER 





2. The protocol-control chip is partitioned into receiver, 
transmitter and addressable registers, with a section 
reserved for controlling the data bus. Programmable data 


in the four 16-bit, addressable registers determine the 
data-communications protocol and appropriate options 
that will govern chip operation. 
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F6856 signals and definitions 


D,-D:;—Data Bus (I/ O) 

Contains bidirectional data status and control in- 
formation to and from the CPU. Lines Dy through D; 
may be wire-ored to Ds through D;; for use as an 8- 
bit data bus. 

Ao-A>—Register Address (1) 

Selects internal data. Status and control registers. The 
internal registers may be selected as eight or 16 bits. 
BYTE—Byte (1) 

A high level indicates an 8-bit data bus. A low level 
indicates a 16-bit bus. 

CE—Chip Enable (1) 

A low level enables a data-bus transfer with DBE. 
R/W—Read/Write (1) 

A high level allows data from the addressed register 
to be output to the data bus. A low level allows data 
from the bus to be loaded into the addressed register. 


DBE—Data Bus Enable (I) 

A strobe here transfers information between the data 
bus and the addressed register when cz is low. 
CI—Chip Initialize (1) 

A low level initializes the internal control registers 
and timing. 


RCLK—Receiver Clock (I) 
Provides timing for the receiver logic. rcLk frequency 
is the same as the received baud rate. 


RSI—Received Serial Input (1) 
Receives serial data. Data changes on the positive- 
going edge of RCLK. 


TCLK—Transmitter Clock (1) 
Provides timing for the transmitter logic. tcLk fre- 
quency is the same as the transmitted baud rate. 


TSO—Transmitter Serial Output (O) 
Transmits serial data. Data changes on the positive- 
going edge of TCLK. 


RDA—Receiver Data Available (QO) 

A high level indicates an assembled character is in 
the receiver buffer. rpa is reset on the trailing edge 
of ppE when the receiver buffer is read by the CPU. 


whose contents may be altered on-line to change the 
protocol. 

The Mode-Control and Sync/Address register (Fig. 
3a) is a directly addressable, write-only register used 
to configure the chip for a specific data-comm environ- 
ment. It should be programmed after initialization 
and before initiating transmission or reception of 
data. 

The register’s contents may be changed whenever 
the receiver or transmitter is disabled. The upper eight 
bits contain mode-control information common to the 
receiver and transmitter. The lower eight bits contain 
the programmed SYNC character in COP or the secon- 
dary address in BOP. They are not used in the Bisyne 
mode. 

The directly addressable-write-only Transmitter 
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RSOF—Received Sync or Flag (QO) 
rsor is high for one receiver clock period each time 
a received sync or flag is detected. 


TBMT—Transmitter Buffer Empty (Q) 

A high level indicates the device is ready to receive 
new data and control information from the CPU. tsmr 
is reset on the trailing edge of ppe when the trans- 
mitter buffer is loaded. 


IRQ—Interrupt Request (O) 

A low level indicates either the end of a received 
message or that an error has occurred as a result of 
a Receiver Overrun (rove) or Transmitter Underrun 
(TuR). Rove occurs if the CPU fails to read data from 
the receiver buffer before it is overwritten by the next 
assembled character. tur occurs if the CPU fails to 
load the transmitter buffer within one character time 
after TBMT goes high. IRQ is reset on the trailing edge 
of ppr when the receiver status is read for an RovR or 
the transmitter status for a TUR. 


DTR—Data Terminal Ready (O) 
General-purpose in nature, ptr can be set low by 
programming the appropriate bit of the receiver- 
control register. 


DSR—Data Set Ready (1) 
General-purpose in nature, psr can be tested by the 
CPU by reading the transmitter-status register. 


CD—Carrier Detect (I) 
General-purpose in nature, cp can be tested by reading 
the transmitter-status register. 


RTS—Request to Send (QO) 
Used with GTS to enable the transmitter, rts may be 
set low by programming the appropriate bit of the 
transmitter-control register. 


MISC—Miscellaneous 

General-purpose in nature, misc can be set low by 
programming the appropriate bit of the receiver- 
control register. 


CTS—Clear to Send (1) 
Used with rts to enable the transmitter, CTs can be 
tested by reading the transmitter-status register. 


Control and Data register (Fig. 3b) controls the format 
of the transmitted data. The upper byte contains 
control information for the transmitter; the lower byte 
contains the characters to be transmitted. This reg- 
ister may be updated whenever the TBMT output is 
high. 

The Receiver Control and Transmitter Status reg- 
ister (Fig. 3c) is also divided into two bytes. The upper 
byte is a directly addressable write-only register that 
contains control information specifically related to the 
reception of data and the DTR and MISC general- 
purpose outputs. The lower byte contains transmitter 
and modem-status information. The bits that control 
the received character length should not be changed 
while the receiver is enabled. 

The fourth register is the Receiver Status and Data 
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register (Fig. 3d). It contains receiver-status informa- 
tion and the assembled received character. 


Problems? What problems? 


Armed with all this capability and flexibility, the 
F'6856 solves many data-link control problems, includ- 
ing: 

=» The Bisyne problem 

=» The compatibility problem 

» The resource-allocation problem 

» The protocol-control problem 


a The testing problem. 

Much existing equipment operates under Bisyne, a 
complex protocol with many modes (contention, multi- 
drop, dial) and numerous data formats. Hence, im- 
plementing Bisyne requires extensive programming 
—generally on the order of 4 kbytes and often more, 
depending on the system. 

Unfortunately, the installed base of Bisync-based 
equipment is usually too large to be ignored in new 
designs. At the same time, however, providing com- 
patibility with Bisync-based equipment often can 
double the cost of designing a new terminal or con- 


Seven levels of rules 


Sets of rules—protocols—make modern data com- 
munications possible. Hierarchies make protocol con- 


trol possible by clearly defining the interfaces between © 


each protocol level. Perhaps the most popular 
architecture is the seven-level protocol hierarchy 
defined by the International Standards Organization 
(ISO). 
- Under this hierarchy, any telecomm device that 
adheres to the disciplines of the protocol can exchange 


information with any other equipment under the same 


disciplines—regardless of application, type or equip- 
ment manufacturer. Also, any network that provides 
compatible protocols at levels 1, 2 or 3 can be accessed 
for information transfer regardless of its protocols for 
levels 4 through 7. Consequently, compatibility is 
ensured through a network and among termination 
equipment. 

The first four levels of the ISO scheme concern 
equipment designers the most. Level 1 is the most 
basic. It sets forth the fundamental mechanical, 
electrical and functional controls, and defines voltage 
levels and the number of connector pins. Level 1 also 
specifies the signals and signal-control sequences on 
the physical links between data-terminal equipment 
and circuit-terminating equipment, or between data 
terminals. 


Level 2 sets the rules for data-link control, defining 


data formats, error-control procedures and link-con- 
trol activities. Level 3 sets the rules for network 
control, incorporating network-related controls that 
define block structure, accessing and sequencing pro- 
cedures. 

Level 4 sets up the transport controls that ensure 
that data flows independently of the network and that 
the connection is reliable. Also, level 4 defines the 
rules for verifying data. 

Levels 5 through 7 are usually the concern of 
systems designers rather than device makers. Level 
5 provides a set of rules that controls session pro- 
cedures and requirements, and allocates resources. 
Level 6 controls presentations, providing the con- 

version format of coded information blocks to I/O, 
transmission and storage devices. And, finally, level 
7 provides application controls. This level is necessar- 
ily application specific. 

Level-2 protocols are particularly important to both 
data-comm equipment and system designers because 
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APPLICATION 
LEVEL 7 


APPLICATION 
LEVEL 7 PEER-TO PEER 
PROTOCOL FOR USER 
APPLICATION-LEVEL FUNCTION 


COMPATIBILITY LEVEL 6 


SESSION SESSION 
LEVEL 5 LEVEL 5 


NETWORK 
LEVEL 3 


DATA LINK 
LEVEL 2 


NET WORK DAT. 
TERMINAL 


DATA 
TERMINAL 


they assure orderly exchange of information across 
a data link. For this reason, level-2 compatibility is 
a key to designing general-purpose equipment that 
can be programmed for a wide variety of uses. In 
addition, such compatibility opens the door to the 
higher-level protocols. Level-2 protocols supervise the 
following functions: 

Initialization, or start-up control, begins the process 


to start transmissions in an idle system. 


Framing locates transmission-block beginnings and 
endings via message-delimiting bit groups. 

Tink management not only controls transmissions 
and receiving but also supervises data-transfer se- 
quences. 

Error control not only helps with error detection 
but also acknowledges correctly received messages 
and requests retransmission of messages found to 
have errors. 

Sequence control numbers messages to eliminate 
duplicates, identifies lost messages and requests 
retransmission. 

Flow control regulates the passage of messages 
across the link. 

Transparency allows the link to treat all trans- 
mitted and received information as a pure data 
stream. 

Abnormal-condition recovery is responsible for the 
actions to be taken when data-terminal equipment 
detects an “illegal” condition or receives a protocol- — 
defined exception message. 


ELECTRONIC DESIGN 8, April 12, 1980 


MODE CONTROL AND SYNC/ADDRESS REGISTER — WRITE ONLY 
8 7 6 5 oh 3 2 1 0 


15 14 13 12 11 10 





DEFINES PROTOCOLS AND 
MODES OF OPERATION WITHIN 
A PROTOCOL 


LOOP REPEATER OR SYNC 
STRIP 





ONE OR TWO CONTROL BYTES 
IN BIT-ORIENTED PROTOCOL 


SYNC CHARACTER OR 
SECONDARY ADDRESS 
REGISTER 


ERROR CONTROL FIELD PRESET 
TO ONEs OR ZEROs 


SELF-TEST LOOP MODE 
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TRANSMITTER CONTROL AND DATA REGISTER — WRITE ONLY 


i a a a 
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START OF MESSAGE 
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ABORT TRANSMISSION 
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GO AHEAD TRANSMIT DLE 
(DATA LINK ESCAPE) 
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REQUEST-TO-SEND OUTPUT 
END-OF-MESSAGE DESIGNATOR 


RECEIVER CONTROL AND TRANSMITTER STATUS REGISTER — READ/WRITE 
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DATA TERMINAL READY 
MISCELLANEOUS FOR SPECIAL 
CONTROL FUNCTIONS 

CRC OR NO CRC 

RECEIVE ENABLE 


RECEIVE CHARACTER LENGTH 
5 TO 8 BITS 


8 7 6 5 4 3 2 1 0 


MODEM SIGNALS (CLEAR TO 
SEND, CARRIER DETECT & 
DATA SET READY 


TRANSMITTER OVERRUN 
TRANSMITTER BUFFER EMPTY 
TRANSMITTER UNDERRUN 


RECEIVER STATUS AND DATA REGISTER — READ ONLY 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
ROVR | RDA | REOM ABGA RDL-RDL, FRERR RECEIVER DATA BUFFER 


RECEIVER OVERRUN 


VALID DATA AVAILABLE IN THE 
RECEIVER DATA BUFFER 


RECEIVED END OF MESSAGE 


3. Bit assignments in each of the four 16-bit, addressable 
registers can be altered on-line to change the operating 
protocol. Two of the registers, Mode Control and 
Sync/Address, and Transmitter Control and Data, are 


troller. By providing complete Bisync line-control with 
its various options, the F6856 reduces the Bisync 
problem to manageable size. 

What’s more, on-line ability to change protocols and 
options within a protocol enables the chip to offer full 
compatibility with both the older and the newer types 
of protocols. In other words, it provides complete 
protocol control along with compatibility. This enables 
the end users to use the same terminals for multiple 
functions with different networks and applications or 
on one network conversing with a wide variety of hosts 
and terminals. 

Also, far fewer additional hardware and software 
resources should be needed for protocol control. Sepa- 
rating the protocol-control functions on the chip itself 
by means of the four programmable registers not only 
simplifies system-enhancement tasks but also reduces 
the possibility of error propagation. In addition, the 
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ERROR OCCURRED ON 
RECEIVED MESSAGE 


INDICATES LENGTH OF THE 
LAST RECEIVED CHARACTER 


ABORT OR GO AHEAD 


write-only types (a and b). Both the Receiver Control 
register and Transmitter Status register are read/write 
circuits (c), while Receiver Status and Data is a read-only 


type (d). 


types of ports provided can be readily reconfigured 
to meet the changing requirements of communications 
controllers and concentrators—as they change. 

Moreover, with testing fast becoming a major con- 
cern in data-comm equipment design, equipment 
manufacturers are striving to make it as automatic 
as possible—so simple that testing can be performed 
remotely whenever possible. On-chip _ self-test 
capability can not only facilitate fault diagnosis on 
an overall-system basis but also help pin down a fault 
to the malfunctioning component.as 





How useful? Circle No. 


Immediate design application 544 
Within the next year 545 
Not applicable 546 
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If you’re working with mini- or micro-based systems, you'll 
find that HP’s 1610B is a very efficient dedicated-bus logic state 
analyzer. 

But unlike other analyzers, the HP 1610B can also handle 
multiplexed-bus analysis just as effectively. The reason? 
Because with multiplexed buses, addresses and data appear at 
different times on the same lines. And first-generation logic 
analyzers, with their single-clock design, simply cannot demulti- 
plex these correctly. 

One popular solution to this problem has been to build a 
two-clock sequential acquisition system into a single package. 
While this approach will separate out address and read/write 
functions, it is still inferior to the 1610B. Why? Because this 
is still not true demultiplexing, in that this technique cannot 
correct for the real-time differential between the capture of 
address information and the capture of read/write data. 

This means address and data information can be interleaved 
in the display. It requires the operator to interpret read or 
write functions. And it means that triggering may occur on false 
address/data combinations. In other words, it complicates 
analysis and may lead to false conclusions. 

In comparison, the HP 1610B incorporates not two — but 
three clocks — plus a buffered memory to deliver true demullti- 
plexing. In short, the 1610B can independently monitor 
addresses, plus read and write data, to demultiplex in real time for 
efficient and accurate analysis. 

So with the 1610B, addresses and corresponding data are 
displayed as a single line of information, for easy comparison 
with your original programs. And you're sure that if you trigger 
on an address-data combination, the data is present at that 
address at that specific point in the program. 


Other important capabilities. 

In addition, the HP 1610B delivers other capabilities required for 
efficient state flow analysis of both bus structures. It will store 
information on a qualified basis, to permit selective editing. 
Which means you don’t have to sort through unnecessary 
data. And it makes functional measurements, such as time 
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interval analysis, on the state flow, which speeds analysis 
and troubleshooting. 


Flexibility for the future. 

Because the 1610B is a 32-bit analyzer with user-selected para- 
meters, and a variety of options, you can use it with both 

mini and micro based systems, including 8-bit microprocessors 
such as the Motorola 6800 and the Intel 8085, as well as the 
newer 16-bit microprocessors such as the Z8000. And, of 
course, it includes HP’s popular menu program format that 
speeds set-ups and analysis. 

An economical solution to microprocessor-based 
systems analysis. 

Another good answer to the problem of microprocessor demulti- 
plexing is the 1611A 
Logic State Analyzer, 
with HP’s general- 
purpose module. This 
module incorporates a 
seven-clock system that 
allows multiplexed in- 
formation on common 
bus structures to be 
latched into 1611A in- 
puts at the appropriate 
time for display. lf 
you re already using. 
an HP 1611A, you'll 
find this module to be both an effective and cost-efficient solution. 
For complete details. 

The HP 1610B is priced at $12,500,* while the 1611A (in- 
cluding the general-purpose module) is $6,000.* For 
more information on these, and for an application note 
on state analysis of multiplexed microprocessors, write: 
Hewlett-Packard, 1507 Page Mill Road, Palo Alto, CA 94304. 
Or call the HP regional office nearest you: East (201) 
265-5000, West (213) 970-7500, Midwest (312) 255-9800, 
South (404) 944-1500, Canada (416) 678-9430. 


*Domestic U.S.A. price only 
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Protect expensive electronic circuitry. 





w you can protect you 


circu t with the switch that — 


turns it on. | 





"The new AIRPAX SnAPaI a : 
breakers look and operatelike  _- 
switches, but their performance 
doesn’t stop there. They are also" 
snap-acting magnetic circuit 
breakers that can protect your 
product and its components from 
damaging power surges and faults. 

For products that never had 
circuit protection before, the 
SNAPAK breakers are a great idea — 
they feature easy, single-hole 
mounting, they’re available in a wide 
range of delay characteristics and 
current ratings, plus they come in 
a choice of baton or paddle handles 
in six attractive colors. 

For products that previously used 
fuses and thermal devices, they’re a 
better alternative —they eliminate 
extra stocking and assembly of 
multiple components, they save 
space and they reduce product 
wiring requirements. 

You can order SNAPAK circuit 
breakers in SPST and DPST 
configurations (they’re the only 
snap-action DPST circuit breakers 
around). There are shunt and relay 
versions available. And you can 
choose from a complete selection 
of mounting hardware to match 
your product’s panel aesthetics. 

All the facts about AIRPAX 
SNAPAK circuit breakers are 
contained in our new brochure. To 
get your free copy, contact us at: 
AIRPAX, Cambridge Division, 
Woods Road, Cambridge, MD 21613. 
Telephone: (301) 228-4600. Or circle 
our reader service number. 
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Cambridge Division 
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Shared codecs: The quick, easy and 
low-cost alternative to per-channel chips 


Ithough MOS and I?L processes for dense LSIs 
have swept single-line codecs into popularity, 
shared-channel codecs—using bipolar LSI—keep costs 
lower, test out quicker and easier, and prove their 
versatility in designs closed to one-chip codecs. Ad- 
vances in bipolar LSIs have spurred the evolution of 
shared-channel codecs: Discrete transistors and R-2R 
ladders have given way to such LSI building blocks 
as multiplexers, sample-and-hold circuits, companded 
d/a converters and successive approximation registers 
(see “Baring the Structure of Shared Codecs”). 
Unlike the shared-channel codecs, single-line codecs 
nearly eliminate crosstalk, are convenient and may 
eventually be incorporated into the subscriber set 
itself; but they are relatively slow. Encoding takes up 
most of the 125-us period of the standard 8-kHz 


Guido Pastorino, Senior Staff Engineer, Telecommunica- 
tions, Precision Monolithics, Inc., 1500 Space Park Dr., 
Santa Clara, CA 95050. 


CHIP-CARRIER ASSEMBLY 


sampling. Thus, per-channel chips will probably never 
handle more than one channel. 

Moreover, single-line codecs are more expensive, 
primarily because they are larger, than shared-chan- 
nel codecs. Whether single or shared-channel codecs 
are used, a 24-channel system needs about 21 pack- 
ages. But the smaller packages of the shared-channel 
system save money by using less board space. Also, 
the cost of monolithic circuits is a nonlinear function 
of chip area: Cost increases faster than area. The chips 
within the shared-channel packages can be as small 
as 3000 sq mils or less. Even the largest is under 10,000 
sq mils; but single-channel codec chips range from 
22,000 to 40,000 sq mils. Because even more extensive 
integration is possible, a shared-channel chip could 
gain three sample-and-hold circuits and still be 
smaller than the smallest single-channel codec. 

On the basis of 100-piece published prices, the ICs 
in a 24-channel shared-codec system cost $133.85 or 
$5.58/line. For single-line codecs, the price is $25 to 
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(REFLOW SOLDERED TO MOUNTING PADS) 


CO-FIRED MULTILAYER 94% 
AL203 CERAMIC SUBSTRATE 


CONDUCTORS 


LEADS BRAZED TO LEAD PADS— DUAL 
IN LINE PACKAGE (DIP) STYLE 

(NICKEL IRON ALLOY 42 PER ASTM F30) 
SOLDER PLATED 


CHIP-CARRIER MOUNTING PADS 
(60/40 SN/PB ELECTRODEPOSITED OVER NICKEL PLATE 


OVER TUNGSTEN PAD) 





1. Dual-in-line motherboards interconnect as many as four 24-lead chips mounted on carriers. 
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$40/line. The difference is not always that great, 
however. For 100,000 quantities (certainly prudent in 
some applications of high-volume telco equipment), 
single-line chip prices will likely drop to the $8-10 
range. But in these quantities, the per-line cost of 
shared-channel parts is approximately $2.50. 

Until shared codecs are integrated further, ICs can 
be assembled into efficient hybrid circuits. One 
ceramic substrate can hold an entire shared-channel 
codec. Another method—packaging the shared-codec 
components in “micropackages”—should debut later 
in the year. 7 

Micropackages are only slightly larger than the 
chips themselves and maintain a hermetic seal on the 
individual components during manufacturing. With 
micropackages, several 24-channel codecs or both the 


codec and its filters could fit on a single, medium- 


sized, PC card. Still another alternative would be to 
assemble major sections of a 24-channel shared codec 
(an encoding module, for example) on a motherboard. 
In this way, an entire 24-channel codec could be 
assembled on four to six 24-pin packages. Fig. 1 shows 
a prototype micropackage system and motherboard. 


LSI handicaps per-channel codecs 


Large-scale integration extracts two penalties from 
codec systems: Component testing becomes a major 
cost factor, and versatility is compromised. Both 
drawbacks are especially true of per-channel codecs. 

In spite of the efforts of chip and telecomm-equip- 
ment manufacturers, automatic testing of single-chip 
codecs takes a long time. The problem is that, almost 
of necessity, such parameters as gain tracking (Fig. 
2a), signal-to-distortion (Fig. 2b) and idle-channel 
noise and crosstalk (Fig. 2c) must be tested end-to- 
end. This configuration is most demanding. 

Testing ratioed-capacitor codecs is always difficult 
(and time consuming), especially in a loop-back con- 
figuration, because only ac testing works, and the 
drawn-out process must be repeated at the board level. 
The testing must cover the entire dynamic range 
because simultaneous errors (in analog subsections 
such as a sample-and-hold, comparator and opera- 
tional amplifier or in quantizing circuits such as a 
ratioed-capacitor subsection) can mask one another 
over part of the system output. Furthermore, if a unit 
fails the system test, pinpointing the fault is tedious. 
To date, all testing schemes for single-channel codec 
are impractical. 

By contrast, the performance of a shared-channel 
codec system correlates to the performance of its 
separate components. Thus, the shared-channel codec 
system tests out quickly and accurately because the 
component chips, such as the companded d/a con- 
verter, can be tested individually, using standard 
automatic techniques. For evaluation purposes, 
shared-codec components are no different from stand- 
ard linear ICs. Less time may be required for testing 
all the components of a shared-channel system than 
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2. Parameters that must be checked by end-to-end 
methods include gain tracking (a) and signal-to- 
quantizing distortion (b) vs input level. Idie-channel noise 
and crosstalk (c) also involve all the channels. 
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for end-to-end testing of one self-contained codec. 

High-levels of integration, without programming 
options, also result in a loss of versatility (especially 
for one-chip codecs). However, a shared codec keeps 
its versatility—its data output, for example can be 
either serial or parallel. Parallel outputs mate easily 
with an 8-bit transmission bus. An 8-bit parallel 
system could be useful in transmitting data and voice 
over the same lines, or for interfacing with uP-based 
equipment. A shared-codec system can be partitioned 
in several configurations, giving equipment designers 
additional flexibility. 


Shared codecs carry the conference 


With shared-channel codecs, designing in the 
- eapability to conference received calls is easy. This 
feature is important in PABX design. The popular 
techniques for conferencing are: 

a Adding analog voice signals together in a conven- 
tional linear circuit 

» Mixing amplitude-modulated pulse (PAM) trains 
from several channels 

a» Adding the binary data from two linearly-en- 
coded voice channels. 
Shared-codec systems are well-suited to the PAM and 
linear binary-addition methods. 


| switcH |__ 
"| SELECT [ : 
ALGORITHM] 


3. Floating-point conversion may be performed using a 
standard PCM converter to produce the mantissa; a 
switch-select algorithm that optimizes the preconversion 
gain generates the exponent. 
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When PAM trains are to be mixed in a shared-codec 
system, the receiving multiplexer is designed so that 
each channel receives all the conferenced time slots. 
For instance, suppose slots 1, 2 and 3 represent 
channels 1, 2 and 3, respectively. To form a conference 
call with these three channels, each channel must 
receive pulses from the other two time slots; for 
example, channel 2 must receive pulses from time slots 
1 and 3. 

In conferencing two digitized channel, companded 
digital signals are converted to their linear 
equivalents. The numerical value of each word is 
halved, by shifting-right one bit, and then the binary- 
coded signals are added linearly. In some PBXs, the 
carrier need not conform to TI standards, and linear 
encoding may be more convenient. If the signal does 
not interface with a central-office, the linear-to- 
companded transformation can be skipped. For such 
systems, shared-channel codecs featuring linear en- 
coding and decoding will soon be available. 

Even with companding, 8-bit parallel busing can 
make data easier to process. If companded data must 
be linearized, a parallel input bus is more efficient 
than a serial input to the decoder. Also, with a parallel 
input, a companded-to-linear transformation matrix 
can be coupled with a 12-bit linear d/a converter for 
decoding only. 

Some telephone channels are used for wideband 
high-quality signals, like music. Shared-codec systems 
encode wideband signals simply by trading the 
number of channels encoded for bandwidth. An eight- 
channel shared-codec system will easily pass a 30-kHz 
signal, if the input multiplexer is bypassed and the 
sample-and-hold circuit is driven directly from a 30- 
kHz anti-aliasing filter. 

For a dynamic range wider than the 72 dB normally 
provided by a companded 8-bit system, additional 
channels further compand the signal. For instance, 
an 8-bit word can be followed by a second word that 
provides information for floating-point conversion. — 
Floating-point conversion requires gain stages that 
conform to a switch-select algorithm, in front of the 
PCM converter element. The selected switch generates 
a code that is transmitted by using additional bits. 
Fig. 3 illustrates this companding technique. The 
switch-select algorithm code is the exponent and the 
a/d converter output is the mantissa.as 
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Why telecom majors 





Commitment 
and experience. 


All the major manufacturers of telephone 
station apparatus who have converted to 
IC dialers have designed in the Mostek 
dialer circuits. Why? One reason is commit- 
ment. Mostek’s commitment to leading-edge 
integrated dialer technology and product 
availability. 

The other reason is experience. Five years 
of practical experience understanding the 
critical specifications of the telephone 
industry. We know what's important in pro- 
duct performance. And what products the 
industry needs. That’s why our broad family 
covers virtually every choice of network 
and keypad. 


It adds up toall 
the volume you need. 


Put Mostek’'s commitment and experience 
to work for you. With our unparalleled 
production capability, we can meet your 
demands today. And tomorrow. To find out 
how, call (214) 323-6000. Or write Mostek, 
1215 West Crosby Road, Carrollton, Texas 
75006. In Europe, call Mostek Brussels, 
phone 660.69.24. 


MOSTEK. 


CIRCLE NUMBER 74 


MOSTEK’S PULSE DIALER FAMILY 


Product Features 


MK50981_— Direct telephone line operation. 
Last number redial. 
Form A or 2-of-7 keyboard. 
16-pin. 










MK50982 Direct telephone line operation. 

Last number redial. 

Ceramic resonator for frequency reference. 
16-pin. 


MK50991___— Direct telephone line operation. 
Last number redial. 
Mute output interfaces with bistable 
latching relay. 

18-pin. 












MK50992__— Direct telephone line operation. 
RC oscillator for frequency reference. 
Last number redial. 

18-pin. 


MOSTEK’S TONE DIALER FAMILY 


Product Features 


MK5087 Direct telephone line operation. 
Muting and tone amplitude regulation 
on chip. 

Form A or 2-of-8 keyboard. 
16-pin. | 











MK5089 ___ Interfaces easily in electronic or wwP dialing 
applications. 
Output tone level is a function of supply 
voltage. 
Tone Disable input. 
2-of-8 keyboard. 

16-pin. 





chose Mostek dialers. 
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“Dear Dr. Spark: 
My equipment 
interfaces with 
telecommunication lines. 
Although these lines have 
surge arrestors, we still 
encounter system failures 
during thunderstorm activity...” 


“Dear Customer: 
Induced lightning can be characterized by 
impulses having a 10 x 1000 usec waveform with 
a typical rise time of 500 V/usec. Pulses of 5000 V 
with peak currents of 50 Amps are not 
uncommon during electrical storms. Lightning 
arrestors, such as spark gaps and gas discharge 
tubes, have specific response characteristics 
which permit enough energy to ‘leak’ into an 
electronic system to cause failure. For reliable 
secondary protection, we recommend our new 
low cost JEDEC registered 1500 W series 
TransZorb® transient voltage suppressors. 
They’re 100% tested to the 10 x 1000 waveform. 
The 1N6267 series covers a6 V to 200 V range 
and is available from stock.” 


GENERAL 
£ SEMICONDUCTOR 
A » INDUSTRIES Inc 


2001 West Tenth Place * P.0. Box 3078 * Tempe, 
Arizona 85281 * 602-968-3101 * TWX 910-950-1942 





TransZorb® is a registered trademark of General Semiconductor Industries, Inc. 


CIRCLE NUMBER 47 



















‘Team an array processor with a uP 
for super performance in data comm 


hen digital processing systems must race 

through high volumes of data in real time, one 
configuration performs as well as a_ super- 
minicomputer yet saves cost, weight, power and space: 
an array processor teamed with a host microprocessor. 
Most signal processing systems incorporating an array 
processor require a minicomputer or mainframe as 
the host computer, and customized circuitry. With an 
array processer that can interface directly to signal 
(or data) input and output, manage the signal process- 
ing under the supervision of its own internal micro- 
processor and send data out to the host at a reduced 
rate, a small microprocessor suffices as the host. 

Analogic’s AP400 array processor depends on the 
host processor merely to handle the control and 
interface between the signal processing system, the 
other peripherals (such as mass storage media) and 
the operator interfaces. As a spectrum analyzer, for 
example, or as part of a spread-spectrum radio- 
telegraph communications link, the AP400 processes 
signals faster than a minicomputer can process the 
equivalent mathematical equations. 

Other advantages of the array processor and micro- 
processor team are: | 

= Flexibility—both architecture and processing can 
be changed with software 

» The use of off-the-shelf hardware and software, 
instead of customized circuits 

= Quick prototyping for field trails 

s Reusability in other systems. _ 

The host and array processor communicate by both 
programmed I/O (PIO) and direct memory access 
(DMA). Within the array processor, these interactions 
are controlled by a microprocessor-based controller. 


The architecture of the AP400 


The architecture of the AP400 array processor 
centers on the control processor and its AM2901 bit- 
slice microprocessor (Fig. 1). The AP400 also contains 
a pipeline arithmetic unit (see “The Number- 
Crunching Muscle of the AP400”), interface I/O, data 
memory, and host and auxiliary I/O. 





Harold Messias, Product Marketing Manager, and Bruce 
McKeever, Principal Engineer, Analogic Corp., Audubon 
Rd., Wakefield, MA 01880. 
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As the central processing unit for the array process- 
or, the control processor executes and links programs 
(including parameter and initial condition passing) 
and handles programmed flag conditions and inter- 
rupts. It interprets host-generated commands and 
instructions and sets up lists of addresses and com- 
mands for processing by the pipelined arithmetic unit. 
The control processor includes a 16-Register-File 
Arithmetic and Logic Unit (RALU), program counter, 
program memory address register, command and 
instruction decoder, status bit register and interrupt 
vector encoder. The control processor communicates 
with other parts of the array processor primarily by 





SER oo Soe SE 


1. Within the AP400 array processor, the high-speed 
arithmetic unit processes the signal (or data); the control 
processor sets up the pipeline and data flow; the interface 
1/0 handles communications between the array processor 
and its host and auxiliary ports; the data memory stores 
data between processing steps; and the host and auxiliary 
I/O ports input or output data directly to the data memory. 
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an internal bus that is transparent to the user. 

The interface (I/O) provides for all the communica- 
tions between the array processor and its host and 
auxiliary ports. It transfers data under programmed 
I/O or DMA transfer modes, and accesses specified 
areas in the array processor for diagnostic testing. 

Data memory is required in an array processor to 
provide a storage space for data either between 
processing steps or during an I/O data-formatting 
sequence. Most array processors have a data memory 
of up to 64 kwords. Because the data memory is inside 
the array processor, transfers between the host and 
the array processor are avoided during the processing 
of data. Overall system throughput slows down with 
each transfer of data between the host and the array 
processor. : 

The memory within the array processor partitions 
incoming data (waveforms) into segments (arrays, 
vectors) that can each be processed by the arithmetic 
unit in repetitive groups of operations. As one segment 
of data is being processed, the next segment is being 
read into the memory. 

The AP400’s auxiliary I/O (AUX I/O) port is a 
flexible interface that can input or output data directly 
to the array processor’s data memory. The auxiliary 
input provides all the interface required to a data 
acquisition system, which (in turn) interfaces to 
sensors or transducers. The auxiliary output in- 





terfaces to a digital or analog subsystem, which (in 
turn) interfaces to either a display or a control 
subsystem. The interface may be used in a burst or 
a continuous processing mode. 


Putting the array processor to work 


In Fig. 2, the AP400 is configured together with 
Digital Equipment Corp.’s LSI-11 microcomputer to 
perform a spectrum analysis of two audio signals 
connected to the input of a data-acquisition sub- 
system. Spectral analysis involves reading a con- 
tinuous stream or a burst of data into the array 
processor, which then processes this data while the 
next data segment of the audio waveform is being read 
in. The data-acquisition subsystem consists of the 
antialiasing filters for each channel, a multiplexer to 
switch between channels, a sample-and-hold module, 
a 16-bit a/d converter, and the associated timing and 
logic circuits. The controller and first-in/first-out 
(FIFO) buffer provide inputs to the array processor 
for a specific I/O routine. 

Each of the two audio signals is digitized in real 
time; data are transferred to the array processor; a 
Fast Fourier Transform (FFT) is performed on the 
signals; the complex magnitude of the signals and the 
logarithm of the magnitudes are computed; and the 
data are transferred continuously to the host. The host 
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radiotelegraph communications link (Fig. 3). A spread 
bandwidth increases a transmitted signal’s resistance 
to interference. 

In transmitting, the enciphered message is broken 


down into a sequence of transmission symbols, each 


of which is paired to a set of orthogonal marks by 
the array processor. Each mark is duplicated to stretch 
the time base and therefore reduce the bandwidth 
associated with the symbol. A pseudo-random gener- 
ator modifies the duplicated mark stream of each 
symbol, and the symbol bandwidth is spread over a 
larger channel bandwidth. The spread, duplicated 
stream of symbol marks is used to phase-modulate 
a carrier, and is transmitted. At the receiving end, 
another array processor demodulates and samples the 
received signal-plus-noise. 


Spreading a transmitted signal 


As an example, eight marks are associated with a 
symbol at the transmitter. Each mark is duplicated 
eight times and modified by a 64-bit psuedo-random 
spread sequence. At the receiver, the demodulated in- 
phase and quadrature signal plus noise is sampled at 
10.24 kHz, producing 4 samples per transmitted mark 
or 256 samples per symbol. A 12.5% uncertainty is 
allowed on the time of arrival, so that 32 possible times 
must be measured around the actual time of arrival 
to locate the symbol. 

The AP400 array processor runs fast enough so that, 
after it receives the symbols, only 13 ms of processing 
is needed before the symbol, its actual time of arrival 
and its correlation are sent to the host. The data rate 
is cut from 861 numbers each 28 ms arriving at the 
AP400, down to three numbers going to the host 
computer. 

The major elements of a digital receiver (Fig. 4) are 
the analog circuits, control logic, array processor, 
system controller and terminal. Since the local os- 
cillator and the signal are not phase locked, bi-phase 
demodulation produces in-phase (I) and quadrature 
(Q) signals which, after some processing, will be 
envelope-detected to get rid of the synthetic phase. 

The baseband signals go through low-pass filters 
to sample-and-hold amplifiers that feed an a/d con- 
verter. Samples of I and Q signals are packed with 
the output of the local spread-sequence generator, into 
the 24-bit AUX I/O port of the array processor. The 
plug-in a/d modules produce 4 or 6 bits and can expand 
to 8 or 10 bits. The FIFO buffer can hold 16 samples 
plus at least 2 “guard” samples for the AUX I/O. Thus, 
the overhead for I/O service is minimal. 

The host controls the local rf and i-f oscillators to 
coincide with the channel being used; controls the local 
spread-sequence generator (SSG) to coincide with the 
transmitter’s SSG at the time of transmission; and 
uses advance/retard control to keep the estimated 
time of arrival (ETA) of each symbol in the middle 
of an uncertainty window. The host also controls the 
system-clock generator, which in turn controls sampl- 
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ing, packing and loading of the FIFO and the logic 
to start acquiring samples for asymbol, plus the guard 
and logic to drive the AUX I/O interface. 

While physically, modulation involves phase shift- 
ing by +7/2 (or 0,7), it might be helpful to visualize 
the signal (S) as +1 marks multiplied by other +1 
marks with duplication (Fig. 5). At the transmitter, 
the selected symbol was stretched by duplicating 
marks (in the diagram, x4). The transmitter’s spread- 
sequence generator multiplied to do the spreading. The 
result was ultimately transmitted. 

At the receiver, the local SSG is adjusted for the 
transmission delay to coincide with the transmitter 
SSG at transmission time. The incoming signal and 
the receiver SSG are sampled two times per mark. 

At the transmitter, spreading involved S(=+1) X 
stretch marks. At the receiver, when the signal is 
delayed by the right amount: 

S(=+1) X S,=+1) X stretch marks = (+1)? X 
stretch marks = stretch marks. 

(continued on page 120) 





5. Toclarify the functions handled by the array processor, 
the waveform is considered to be a +1 mark, multiplied 
by other +1 marks. 
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ACTUAL SIZE 


555 SERIES LED logic state 
indicators available in 14 models with voltage 
ratings from 1.7 to 14. Suitable for dense pack- 
aging on printed circuit boards—up to 10 units 
to the inch—IC compatible. With built-in resistor. 
Pole rity identified. Low power consumption. With 
pricing as low as .57¢ (1000 lot quantity). 


ED weic 


satile devices 
of applica- 
uit fault 


185" 245” 


ACTUAL SIZE 


550 SERIES Mix ’em_ or 


“match ‘em. LED logic state indicators are avail-. 


able in red, yellow and green, in a variety of 
shapes, some with a built-in resistor. Can be 
driven from DTL and TTL logic. Designed for eas sy 
__alignment on PC boards. Also available with hig 
brightness LEDs. With pricing as low as .32¢ 

ae lot sven): 








Since the stretch duplicated marks, adding adjacent 
products (2 samples per transmitted mark xX 4 trans- 
mitted marks per symbol mark) amplifies each symbol 
mark when the signal is delayed by the right amount. 
Because the right delay is not known exactly, the 
multiply-add must be repeated for each allowed delay. 

Each +1 of the receiver SSG is multiplied with the 
corresponding +1 in the sampled signal in groups of 
8 and the result is accumulated for each A t=0 to 4. 
This produces the tentative four-mark groups shown 
in Fig. 5, as a function of delay. A visual comparison 
of the four-mark sequence at A t=2 with the possible 
symbol sequences at the transmitter would show a 
good match with the selected symbol and with no 
others. The detected marks at A t=1&3 show some 
slight resemblance, while the detected marks at 
A t=0&5 do not fit at all. 

In the AP400, the equivalent to this visual com- 
parison is to match the partial correlation results (the 
detected marks) by a dot product against each possible 
pattern of symbol sequences. The diagram shows the 
score or correlation value ranging from —4 to +82, 
with the high scores reflecting what humans can see 
for themselves, but not as quickly as the AP400—that 
a particular correlation and a possible symbol se- 
quence are very much alike. 

Finally, the symbol and actual-time-of-arrival cor- 
responding to the highest correlation value are found 
by searching for the maximum correlation and keep- 
ing track of the lag and symbol number. A simple 
repetitive search might do in some cases. However, 
a faster process is to compare pairs of data, storing 
only the result with the highest correlation value, and 
then continuing to make (and select from) successive 
pairs in tree fashion, culminating in the value of the 
maximum correlation. 

The actual-time-of-arrival of a symbol differs from 
the ETA because of such factors as variations in the 
transmission path and drifts in the carrier-frequency 
generators. The digital receiver measures the time of 
arrival of each symbol, and uses this measurement 
to alter the ETA with the appropriate time constant. 
By measuring the probability of each symbol match, 
as compared to that with a perfect transmission, the 
quality of the transmitter-receiver link may be 
monitored to indicate when retransmissions or shifts 
to different links are advisable. 

The host completes the process of combining trans- 
mission symbols into characters, deciphering and 
sending results to the terminal via a secure link. 

Thus, the slashed data rate has reduced the workload 
of the host processor to the point where a micro- 
processor can do the work of a minicomputer.as 





How useful? Circle No. 
Immediate design application 550 
Within the next year 551 
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#] IN ANALOG SWITCHES? 


(HINT: IT’S NOT WHO YOU THINK.) 


HERE’S THE STRAIGHT SCOOP. 


Intersil is the leader in analog switching. 
We’ve got the broadest line in the business, the 
fastest and most accurate devices in the business, 
and the technological capabilities to stay #1. 
Siliconix doesn’t. Harris doesn’t. We do. 


BROADEST TECHNOLOGY. 


When it comes to analog switching technologies, 
nobody beats Intersil: CMOS. P-JFET. 
MOSFET. VARAFET. Dielectric Isolation. 


BEST PERFORMANCE. 


And nobody beats us at staying out on that 
leading edge of performance: 

Take, for example, our IH5140 family of 
monolithic CMOS switches — absolutely 

the fastest, lowest power, lowest leakage 
devices anywhere. 

Or how about our DGM182 family. It happens 
to be the only true monolithic replacement for 
the DG180s and it meets all the specs. 

‘Or if you want to talk accuracy—look at our 
1H6116/6216 CMOS MUxXs. They're at rock 
bottom in error, power and leakage. 


MORE NEW GOODIES. 
We admit it: we’re out to stay #1 in this business. 


Which is why we'll soon be introducing the 
1H5108/5208 family of dielectrically-isolated 
fault-protected MUXs. With better fault 
protection and higher accuracy than the 
competition. Move over, Harris. 

And we'll also be introducing the CMOS 
DG200/201. With dual SPST: And quad SPST. 
So look out, Siliconix. 


NOW, TALK DELIVERY. 


We're delivering. On time. To specs. In quantity. 
At a competitive price. 


THE ANSWER. 


Intersil has the switches. And the performance. 
And the price. And the delivery. 





So, next time you're designing in analog 
switches, who’s the logical first choice? 
Hint: The answer begins with an “I” 


INTERNATIONAL OFFICES: 


Northern and European Headquarters: Intersil 
Electronics Ltd., 9th Floor, Snamprogetti 
House, Basing View, Basingstoke RG21 2YS, 
Hampshire, England. Tel: 0256-57361. TLX: 
858041 INTRSL G. 


Central European Headquarters: Intersil GmbH, 
8000 Munchen 2, Bavariaring 8, West Germany. 
Tel: 89/539271. TLX: 5215736 INSL D. 


Southern European Headquarters: Intersil, Inc., 
Liaison Office, 217, Bureaux de la Colline de St. 
Cloud, Batiment D, 92213 Saint-Cloud Cedex, 
France. Tel: (1) 602.57.11. TLX: DATELEM 
204280 FE 


Japan Representative: Internix, Inc., Ohta Bldg. 
No. 2 (7th Floor), 7-4-7 Nishi Shinjuku, 
Shinjuku-Ku, Tokyo 160, Japan. ‘Tel: (03) 
369-1101. TLX: INTERNIX J26733. 


2 41280 


Intersil Electronics Ltd., 9th Floor, 
Snamprogetti House, Basing View, 
Basingstoke RG21 2YS, 

| Hampshire, England. 
Tel: 0256-57361. TLX: 858041 
INTRSLG. 


INTERSIL 


Dear Intersil: 
| I had no idea you were #1. Please send me 
| data on the following parts: 


| 

| 

| Name 

| Company 
| Address 
| 
| 
| 
| 
| 


City/State/Zip 
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Solid State 3 Wire Synchro Linear DC Converters... 





RESPONSE CURVE 




















































































MAG 1422. CURVE 4 
MAC 1458-1 MAC 1460-1 ¢£ 
MAC 1459-1 sywcnn MAC 1461-1 3° 
FEATURES: aLe-Decnses 
@ Develops a DC sminat voltage linearly proportional to a synchro 
angle over a + 180° range. ® Wide temperature range operation 
© Completely solid state with all of the inherent advantages overa © Qutput short circuit protected 
mechanical system such as: ®@ Three wire inputs isolated trom ground 
@ High reliability (since there are no moving parts) @ Package size may be altered at no extra cost 
® Light weight—6 ozs. @ Units can be altered to accept different line to line voltages or 
®@ Small size different operating frequencies at no extra cost 
@ All units hermetically sealed @ Not affected by reference voltage or power supply variations. 
MAC _ MA _ MAC MAC 
_UNIT sea 14491) | | 1400-1 1461-1 
” ‘TRANSFER EQUATION | sivie tivjis® 2 + vise +1V/18° |  +1V/36° +1V/36° 
_ ACCURACY (+25°C) oo Yh <M a ve ~ 
/ RACY (- 26-6050) | 1% 1% 1% 1% 1% 
_ {RO INPUT (V oe | is Oo) 8§=t—<C~iaCSC 90 11.8 90 
| FRE QUENCY (Hz) | = ao:)6—6hmt<“<i«~SCS 60 400 400 
PULL SCALE ouTPUT | 4&£aty +10v—~—<“‘<i‘é COSC + 10V +10V +10V 
OUTPUTIMPEDANCE = | Aid 3°29  # # #$«6«<a0: <1, <12 <12 
-L- LINPUT IMPEDANCE | - >IOK S30K.C >2K >10K >10K >30K 
| REFERENCE VOLTAGE (VRMS) | 26 15 26 15 | & 115 
| OPERATING TEMP. °C | | -25-+85 “25-405 | -25-+05 | -25.485 | -26-485 —25 - +85 
(0c. henge Fy *16y CC its SCO 415V | + 15V +15V 
Cc +75MA | +75MA — +75MA +75MA | +75MA +75MA 
10Hz 10Hz OPT. OPT. | 10Hz 10Hz 
6 02. 6 oz. Go0z. Sor 6 02. 6 oz. 
—$.6x2.5x0.6 | 3.6x2. 5x0. & | 3.6x3.0x0.6 | 3.6x3.0x1.0 | 3.6x2.5x0.6 | 3.6x2.5x0.6 








cold State Tm To Svein PROVIDES A THREE Te eecad ae an ee TO 
Converters... 


FEATURES: 

@ Developes a fully isolated 3-wire AC output 
proportional to a DC signal 

@ Maintains accuracy with tracking speeds as 
high as 720°/SEC 

@ Isolated reference input 

® Accuracy is not affected by reference voltage or 

power supply variations 

Provides 0.5 VA output drive 

Three wire AC output developed with [5 minute accuracy 

Hermetically sealed metal package 

Package size and terminat configuration may be altered at no extra cost 

Units can be altered to meet your exact voltage and frequency requirements— 

in most cases at no extra cost 

@ Output remains contant for + 10% reference voltage variations 

© Low output distortion (<0.5%) 

@ Infinite resolution 
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SPECIFICATIONS: MAC 1561-1 


@ Input Signal — 0 to + 10V DC @ Transfer Function @ Accuracy* 

@ Input Signal Resistance — 10K minimum ‘eae EIN, 15 minutes of ARC (Max) at 20°C +10°C 

@ Reference Input — 26 V RMS + 10% StS ata tT x 10V 30 minutes of ARC (Max) over the 

@ Operating Frequency — 400 HZ + 10% 0% EIN ° Operating temp. range 

@ DC Power— + 15V +1% eter ik ok siN ae ov * Accuracy is based on the following equation: 


+ 50MA no load s1= EIN ° =TAN” = 
160 MA fall lead (13901-L) S2-S1=  11.8VxSIN(TTx sa + 240°) 6= TAN vane K) 
© Full Scale Output — 11.8V AC line to line+2% © Operating Temperature Range 0 C to 70°C Wh 
@ Power Output — 0.5VA max. @ Distortion 0.5% max. e Tracking ie ‘7 dt ($3-S2)/(S1-S2) 


For units to meet wider temperature range and other specifications please consult the factory. 


There is No Substitute for Reliability 


GENERAL MAGNETICS - inNC 


1S 211 Grove St., Bloomfield, New Jersey 07003 - Tel. (201) 743-2700 
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Optimize optical modem cost/performance 
through emitter, detector and fiber selection 


plans modems work across large voltage dif- 
ferentials, avoid ground loops, resist interference 
and minimize crosstalk better than copper-coax mod- 
ems. Fiber-optic cable boasts a broad bandwidth (to 
beyond 1 GHz) and low attenuation losses. But fiber- 
optic modems may also cost more, and there are no 
“absolutes” in terms of link length or data rate that 
indicate when a shift from copper coax to fiber optics 
is justified. A systemwide comparison—feature-by- 
feature, cost-for-cost—must precede any substitution. 

The cost/performance characteristics of fiber-optic 
modems improve when fibers, emitters and detectors 
are properly mated. Five years ago, the selection of 
fibers, emitters, and detectors constituted a major 
difficulty in the design of a fiber-optic modem. Now 
the optical hardware and associated electronics are 
well known, widely available and standardized. Prices 
for fiber-optical connectors have also dropped sharply, 
allowing fiber-optic modems to compete with coaxial 
cable even in applications where the unique advan- 
tages of fiber optics are less critical. 

The operation of fiber-optic modems is simple: A 
modulated lightwave flows out of an optical trans- 
mitter, through a fiber-optic cable and into an optical 
receiver. Data, audio and video signals are transmitted 
in a noise-immune environment. The customer can 
plug a fiber-optic modem into an existing system and 
use it immediately since the input and output charac- 
teristics of the equipment will not change. Most 
standard off-the-shelf, fiber-optic modems are de- 
signed to be used this way. Generally, fiber-optic 
modems work better than coax for bandwidths exceed- 
ing 500 MHz, especially if long distances are involved. 

Although glass cable is the main component of a 
fiber-optic modem, the associated electronics are also 
important. Replacing a copper cable with glass re- 
quires a redesign of the modem’s electronics. The 
technology is new, and most users are still more 
comfortable with an all electronic interface than with 
an optical interface. 

The fibers chosen for fiber-optic modems must 


Ee 


Eric Randall, V.P. Engineering, Galite, Inc., division of 
Galileo Electro-Optics Corp., and Ron Lavelle, Senior 
Engineering Technician, Galileo Electro-Optics Corp., 
Galileo Park, Sturbridge, MA 01518. 
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match the intended application. Table 1 lists the 
characteristics of cables available from just one manu- 
facturer. High bandwidth and low loss are associated 
with the more expensive fibers. Because high-quality 
fibers are expensive, choosing an adequate (as opposed 
to optimum) fiber can significantly reduce the cost 
of the modem. 


Matching the pipe to the purpose 


Table 2 lists the various Galileo modems. DL-2 is 
a data link, DL-A is an audio link, DL-V is a video 
link, DL-232 accepts RS-232 input and DL-4 is a 
variation of DL-232. Each modem (except DL-4) is 
available with every type of fiber. 

As an example, for a 30-m data link, 2000 is the 
least expensive cable that will do the job. A 6000 cable 
in this application would cost much more, and its lower 
attenuation would not be needed. (All link distances 
in Table 2 are calculated so that the total specified 
data rates can be used.) 

The modems in Table 2 are designed for the end- 
user market. However, a hybrid module is also avail- 
able (for the OEM market) which requires more user 
sophistication because it is not a complete modem. 
This low-cost hybrid is a circuit-board compatible 
plug-in that requires external power and must be 
supplied with data in the proper format. In practice, 
the hybrid module becomes a front-end on a circuit 
board. Electronic engineers merely plug in the fiber- 
optic cable and wire the hybrid module to the rest 
of the electronics, ignoring the optics. 

How signals propagate along a fiber-optic cable does 
not concern the user, as long as the signal received 
directly corresponds to the signal transmitted. If the 
user’s output is RS-232, the transmitters of a fiber- 
optic modem must accept RS-232 inputs. A widely- 
used interconnect standard, RS-232 calls for a 25-pin 
connector. But rarely are all 25 pins needed; a typical 
application may call for only 12 to 15 pins. Therefore, 
the modem must be flexible enough to accept various 
“standard” RS-232 interconnections. 

The wavelength chosen for a particular modem 
application represents a tradeoff between cost and 
distance. Low-cost light sources are useful for short- 
distance, medium-speed systems. However, distances 
in excess of 1 km or data rates above 10 MHz (or both) 
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require high-performance sources. The choice of ever, as data rates increase, LEDs become less effec- 
source may dictate the type of fiber that can be used. tive, in part, because of their low speed-power product 


Emitter and detector considerations 


and wide spectral bandwidth. 
LEDs are matched with specific fibers: Each fiber 
(Table 2) exhibits minimum attenuation over a narrow 


The variables that affect the choice of emitters and band centered on a particular wavelength. However, 
detectors for fiber-optic modems are the same as those different LEDs have different fixturings, so just one 
that affect other fiber-optic applications. Laser-diode type of diode is used with each modem in the interest 
emitters exhibit low angular divergence and high of mechanical uniformity. 
optical power and provide broad bandwidths. How- Similar constraints apply to detector selection. 
ever, they are very sensitive to temperature. Com- Photodiodes work well in many applications. 
pensating for this sensitivity in finished systems is Avalanche diodes are faster and provide a greater 
expensive. Light emitting diodes (LEDs) provide less sensitivity, but they require a costly high-voltage 
power but are more reliable and inexpensive. How- supply and supporting electronics. 
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Table 1. Key characteristics of readily available optical fibers 
















Fiber Fiber 
































(avail- Attenuation strength 
able range Bandwidth (proof Fiber Core 
from @ 900 nM Numerical | @ 900 nM test in diameter _ diameter 


Galite) (dB/KM) aperture | (MHz/KM) Kpsi) (um) um) 


| ( 
Step-index 200-400 68 +7.0 56 +6.0 
bundle 
4000 Step index 8-15 0.40 5-15 204 +10 | 204 +10 
(@ 820 nm) 


50 
5000 10-20 125 225 | 63 213 
50 


5020 Semi-graded 10-15 oo 200 +4.0 | 125 +2.5 
index 
5050 Semi-graded 3-10 0.30 20-30 100 140 22.8 100 42.0 
index 
e. 










6000 | Graded index 100-1000 125 225 | 63 +13 
6050 | Graded index 100-1000 125 £25 | $0 21.0 


7000 Single mode 3-20 0.12 > 10,000 © 2 100 +10 7 230 
@ cutoff nominal @ cutoff 












a ee 
Type of 
Data RS-232 RS-232 Audio Video fiber 
(DL-2) (DL-4) (DL-232) (DL-A) (DL-V) | (see Table 1) 









Length of continuous 
fibers (for BER < 10-9 
or S/N 50 dB min) 














1200 m — 


Wavelength 
LED RCA Zexco Texas Inst Zexco RCA 
source C30123 ZE-4301 TIEX-479 ZE-4301 C30133 


Data rate DC-16 DC-50 DC-100 20-50 1-MHz 
MHz KHz KHz kHz 


ELECTRONIC DESIGN 8, April 12, 1980 


















Fibers feel a reactor’s pulse 


The advantages of fiber optics over copper are easily 
demonstrated in a nuclear power plant. Modems are 
needed in the fail-safe monitoring system, inside the 
shielded area of the reactor. Design decisions for this 
application hinge on two parameters: life-time and 
reliability. 

Because the reactor’s fail-safe monitor system must 
hold up for 40 years (design life), the modems must 
be immune to radiation, high temperatures, humidity 
and mechanical stress. The modem electronics must 
also withstand severe vibration and meet the electrical 
specifications for RS-232 and TTL interfacing. 

Fiber-optic modems are able to fill this bill and 
provide other advantages as well. Besides resisting 
radiation, fibers are immune to EMI, RFI and other 
disturbances which affect copper. The Galileo modem 
system guarantees an error rate of less than one error 
in 10° bits. In the nuclear plant, this modem joins 
forces with a Galileo radiation-hard fiber, to give 
excellent attenuation and bandwidth characteristics. 

Information from sensors within the reactor is 
sent to a central computer. A fiber optic TTL modem 
within the reactor’s shielded area then sends 20-bit 
parallel data from the computer over one-way lines 
to four external monitors (see diagram). A duplex 
RS-232 modem relays signals to and from the termi- 
nal, which is also outside the shielded area. To ensure 
reliability, a second set of TTL and RS-232 modems 
supplies redundancy. 

The broad bandwidth of the fiber-optic modem 


The alignment of fiber to LED has been a problem 
in some modem applications. An LED output spot may 
measure 1 X 3 mils and must be positioned accurately 
in front of a fiber core. With larger fiber diameters, 
alignments can be less accurate; but mechanical 
positioning for small-core fibers must be extremely 
precise. The problem becomes increasingly severe with 
laser sources and wideband fibers. When electronics 
from one vendor and fibers from another are com- 
bined, these interface difficulties can complicate sys- 
tem diagnosis. 


Modems as problem solvers 


Fiber-optic modems can conquer the problems that 
most trouble coax links—grounding, radiation and 
EMI (see “Fibers Feel a Reactor’s Pulse”). For exam- 
ple, consider a coax link between a teletype and a 
computer that must run beside a power line. During 
a power surge, the computer may pick up an error. 
With a fiber-optic link, however, the electromagnetic 
fields produced by the power line cannot induce a 
signal in the modem. 

Fiber-optic modems can also interconnect various 
segments of a system with different “neutral points.” 
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MONITORING 
STATIONS — 


allows the user to increase throughput quickly. In the 
RS-232 interface, the electronics can run at 52 kbits/s. 
Because fiber allows more bandwidth and less loss 
than copper, more throughput can be achieved at a 
lower cost, and the associated electronics are less 
complex. 

The TTL portion of the fiber-optic modem replaces 
copper-wire modems that required 20 wires running 
to each monitor (one wire for each parallel bit). Each 
fiber-optic cable contains one fiber that can transmit 
up to 800 20-bit parallel words to a monitoring station 
every second. A copper-wire modem could never 
achieve this level of performance, yet would cost more 
and require more redundancy to exhibit an acceptable 
error rate. 


Typically, sophisticated signal-processing techniques 
are required when a significant differential (e.g., 40 
V) exists between common points. But with fiber 
optics, even megavolt differentials are traversed with 
relative ease. 

Electrostatic fields from electric power plants 
create another environment where fiber-optic 
modems have many advantages. For instance, turbine 
brushes cause electromagnetic interference (EMI) 
that affects coaxial cable but not fiber-optic cable. 

Fiber-optic modems can also improve telephone 
networks when EMI is a problem. Here, ordinary 
techniques for noise suppression do not work particu- 
larly well, yet fiber-optic cable can completely isolate 
the telephone circuit from EMI. Of course, coax cable 
can be shielded, but this approach is expensive; and, 
as more shielding is used, the available bandwidth is 
reduced. as 





How useful? Circle No. 
Immediate design application 553 
Within the next year 554 
Not applicable 555 
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Why telecom majors 






























And why more are on the way. 


The reasons are impressive. Major manufacturers of digital 
central office switch equipment have designed the Mostek 
Codec into their systems because Mostek gives them across 
the board advantages. 

Cost savings: The low, 30mW power dissipation of the 
small 16-pin package accounts for big system cost savings 
and improved system reliability. 

Quality: The Mostek Codec meets all D3 channel-bank 
specifications. 

Availability: Over 5 years ago, Mostek made a signifi- 
cant commitment to the telecommunications industry. 
During that time, Mostek has led in the develop- 
ment of circuits for digital switching applica- 
tions. As proof, two companies have 
already announced as alternate 
sources for Mostek Codecs. 
Equally impressive, in just 5 
years, Mostek has shipped 
over 10 million telecommun- 
ications circuits — more 


than all other manufacturers 
combined. 


hose Mostek’s Codec. — 
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about your 
sation. You'll be in good 
gany. Call (214) 323-6000. Or 
stek, 1215 West Crosby Rd., 
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IN TANTALUMs... 


Union Carbide is the leading manufacturer of solid tantalum capacitors in the world. Check the many 
_ Styles, case sizes and capacitance values shown in the composite illustration below. There’s a qual- 
ity-built KEMET tantalum capacitor to fit your most exacting design requirements. Axial or radial 
leaded. Molded, dipped or hermetically sealed. Space saving chips. Polar and non-polar. In tem- 
perature ranges from —55°C to + 175°C. 

As a family, KEMET tantalums are suitable for a wide range of applications. They're ideal for 
coupling or decoupling, blocking, by-passing, filtering and timing: for use in commercial, industrial, 
military and consumer electronic equipment and circuits; for all cordwood circuits, point-to-point 
wiring and high density packaging, including miniature, micro-miniature and ICs: or for use in hy- 
brid circuits. : 

So when it comes to quality, selection and fast EPIC* order-delivery service, come to KEMET. 
For additional information and detailed specifications, write: Electronics Division, Union Carbide 
Corporation, P.O. Box 5928, Greenville, SC 29606. Phone: (803) 963-6300: TWX: 810-287-2536: 
Telex: 57-0496. Or, see your local KEMET Representative. 
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KEMET is a registered trademark of Union Carbide Corporation. 
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LEDs or DLs: Which light source shines 
brightest in fiber-optic telecomm systems? 


The most demanding designs in modern telecomm 
systems are being tackled by fiber optics. This article 
kicks off a new series that will bring designers the 
tools needed to meet the challenge. Future articles will 
cover optical links and other telecomm areas. 


wo kinds of light sources dominate in long-haul, 

high-quality, fiber-optic telecommunication sys- 
tems: the diode laser (DL) and the high-radiance light- 
emitting diode (LED). In designing the optimum 
system, the special qualities of each light source 
should be considered. Diode lasers and LEDs bring 
to a system different: 

= Power levels 

=» Temperature sensitivities 

=» Response times 

= Lifetimes 

= Characteristics of failure. 

The diode laser is a preferred source for moderate- 
band to wideband (50 to 300-MHz) systems. It offers 
a fast response time (typically less than 1 ns); has a 
narrow optical bandwidth (as a rule less than 1 nm); 
and can couple high levels of useful optical power 
(usually several mW) into an optical fiber with a 
small-core and a small numerical aperture. Recent 
advances in epitaxial materials and device fabrication 
have resulted in diode lasers with extrapolated life- 
times of 10° to 10° hours at room temperature. 

Some systems operate at a slower bit rate and 
require more modest levels of fiber-coupled optical 
power (50 to 250 uW). Here lies the domain of high- 
radiance LEDs. A LED requires less complex driving 
circuitry than a diode laser, needs no thermal or 
optical stabilization and, in general, can be produced 
more cheaply, with higher yields. In addition, LEDs 
have longer operating lives (10° to 10’ hours) and fail 
in a more gradual and predictable fashion than diode 
lasers. | 

High-radiance LEDs and diode lasers are multilayer 





R.B. Lauer, Principal Investigator, Light Sources for Op- 
tical Communications, and J. Schlafer, Member of the 
Technical Staff, GTE Laboratories, Inc., 40 Sylvan Rd., 
Waltham, MA 02154. 
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heteroepitaxial devices that are most frequently fabri- 
cated of AlGaAs on GaAs. Recently, much work has 
been done on other materials, such as InGaAsP on 
InP, which are suitable for generating longer 
wavelengths at which optical-fiber attenuation and 
material dispersion are lower. 

Both LEDs and diode lasers behave electrically as 
diodes, but their light-emission properties differ sub- 
stantially. A diode laser is an optical oscillator; hence, 
it has many typical oscillator characteristics: a 
threshold of oscillation; narrow emission bandwidth; 
a temperature coefficient of threshold and frequency, 
modulation nonlinearities, and regions of instability. 
These properties, along with the diode laser’s max- 
imum power output, efficiency and expected life, 
affect the design and overall performance of a laser 
transmitter in an optical communication link. 





1. Power vs current characteristics of a laser diode at 
different ambient temperatures show the threshold 
currents, I,,, , at which oscillations begin, and their 
variation with temperature. 


13] 
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A very useful characteristic of a diode laser is the 
curve of output light power as a function of drive 
current (P,-I). The curves (Fig. 1) for a GTE Labora- 
tories diode laser at various heat-sink temperatures 
show the threshold current at which lasing (oscilla- 
tion) begins (I,,) and the variation of the threshold 
current with temperature. The pulsed P,-I curve 
shows that threshold current decreases with the 
device’s temperature during pulsed operation. I,,, is 
considered to be the point at which the tangent to the 
P.-I curve intersects the current axis. 

Below the threshold, the light output is a broadband, 
LED-type, spontaneous emission. Above the thres- 
hold, the lasing emission of the diode laser has the 
narrow bandwidth (< 1 nm) characteristic of an 
optical oscillator (Fig. 2). 


: ee DIODE LASER 


2. Typical emission spectra for diode lasers and LEDs 
show the relatively narrow bandwidth of a DL above the 
lasing threshold. 
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The threshold current increases nonlinearly with 
temperature, T, and follows the relationship, 


Le = I, “ed aa eae 
To 


Here, I, is the threshold current at an ambient 
temperature T, (°K), and T, is a constant for the 
device, called the characteristic temperature. The 
value of T, is a measure of the temperature sensitivity 
of I,, and falls in the 180 to 160-K range for AlGaAs 
devices. Fig. 3 shows the plot of In I,, vs temperature 
for the laser in Fig. 1. 

Because of the sensitivity of I,, to temperature and 
the implied strong dependence of optical power on 
temperature, it is usually impractical to maintain a 
constant power output by controlling the laser tem- 
perature. For example, a 7°C rise in temperature 
above 20°C (Fig. 1) will cause the device to fall out 
of the lasing region, reducing the optical power from 
2.0 mW to 0.4 mW. A common method for stabilizing 
power is to sample a portion of the emitted light and 
control the drive current with negative feedback. The 
rear-surface emission of some diode lasers can be 
accessed for this purpose; or a tap on the system fiber 
may be used. 

The slope of the P,-I curve above threshold is a 
measure of the electrical-to-optical ‘conversion effi- 
ciency known as the differential quantum efficiency, 
na, and defined as: 

na=0.806 Sto * (in wm). 

. AI 

AP, is the change in optical power from one emitting 
surface for a change in current, A I; and J is the lasing 
wavelength in um. With no coupling optics, ng ranges 
from 0.10 to 0.20. When the power is measured at the 
output of a coupling fiber, yg includes the laser-to- 
fiber coupling efficiency. For communication applica- 
tions, diode lasers coupled to a short-fiber fly-lead are 
usually prudent choices. Even with good equipment, 
optimum coupling can be elusive and is better left to 
the diode laser manufacturer. 


Biasing a DL helps in digital systems 

Most transmitter designs operate the laser with the 
modulation signal superimposed on a bias current set 
at or above I,,—a requirement for linear operation 
in an analog system. The biasing has some advantages 
in digital systems as well. With a constant bias, the 
laser junction temperature does not fluctuate as 
widely as it would if the lower level of the digital signal 
were zero current. Hence, constant bias reduces vari- 
ations in the signal-induced output power. 

In digital operation, biasing also eliminates laser 
turn-on delay. Turn-on delay is the lag between the 
application of a current step and the start of laser 
emission; it is the time required for the gain to build 
up to the oscillation threshold in the laser cavity. A 
step from zero current to 10% above I, can cause a 
delay of 4 to 8 ns, which is too long for systems with 
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fast data rates. Biasing a laser just above its threshold 
eliminates the turn-on delay. 

However, operation with a bias level near threshold 
may present problems in digital systems which re- 
quire a high contrast (on-to-off) ratio, especially if the 
laser has a high level of spontaneous emission at its 
threshold. Spontaneous emission determines the light 
level in the off state. 

The frequency response of diode lasers biased above 
the threshold typically extends beyond 1 GHz. Some 
devices exhibit a peaked response at their cutoff 
frequency, with the peak moving toward higher fre- 
quencies as bias current increases (Fig. 4). This peaked 
characteristic leads to a damped ringing or relaxation 
oscillation in response to a step input. Often, the 
3. The temperature dependence of its threshold current ringing frequency will be well above the system’s 
complicates the operation of a diode laser. bandwidth and so will not compromise its per- 
formance. Applications that use extremely wide 
bandwidths may require lasers that are free of relaxa- 
tion oscillations. 

Nonlinearities in the diode laser power-current 
relationship—an important consideration for analog 
applications—may be both subtle and gross. Large 
distortions appear as “kinks” in the P,-I curve. These 
kinks are usually associated with an instability in the 
laser mode-guiding mechanism and appear as a region 
of reduced quantum efficiency and increased noise 
output. Small nonlinearities, on the other hand, re- 
quire harmonic or intermodulation analysis. One or 
more sinusoidal modulation signals are applied to a 
laser prebiased above threshold. The detected light is 
_. analyzed for the strength of the distortion products. 
eer For good linearity and low noise, kinks in the P,-I 

ee | curve should be well above the peak-power levels at 
| _ which the laser will be used. 

While the maximum power output specified for 
many diode lasers is quite high (tens of mW), the 
devices should operate at much lower levels of power. 
As with any semiconductor device, operation at the 








4. The frequency responses of a diode laser at different maximum rating reduces lifetime. The c-w operating 
bias currents and its time response show the effect of power should be the value that the manufacturer 
relaxation oscillations. specifies for good reliability. With pulsed operation, 


peak powers may go somewhat higher, depending on 
the duty factor, although the relationship between 
peak power and laser degradation is still vague. 
The output-wavelength spread, or spectrum, of 
diode lasers is much narrower than that of LEDs: 
about 1 nm compared with about 40 nm for a LED 
(Fig. 2). Narrow spectra are advantageous in systems 
with high bit rates: If broad-spectrum LED sources 
are used, the material dispersion of the fiber (vari- 
ations of propagation velocity with wavelength) can 
broaden the pulse excessively over km distances. 
The diode-laser spectrum in Fig. 5 is composed of 
a set of wavelengths, or modes, spaced 0.25 to 0.30 
nm apart. Ten or more modes, each with significant 
power, can be present at the threshold. But this 
number usually drops to only a few modes above the 
threshold. Some lasers develop more than 90% of their 
output power in a single mode for drive currents 10% 
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beyond the threshold value,I.,. 

These lasers are specified as single-mode devices. 
This description refers to the spectrum for dc-drive 
conditions. However, when single-mode lasers turn on, 
they are frequently in a multimode condition. Unless 
they are biased well above the threshold, they may 
take tens of ns to settle into a single mode. 

The choice between a single-mode or multimode 
laser may be academic unless fiber and modal-noise 
problems become bothersome.” The noise occurs when 
the propagating modes of the fiber waveguide in- 
terfere with each other at a discontinuity, such as a 
fiber tap, splice or connector. Imperfections at an 
interface may spatially filter portions of the in- 
terference patterns, so that the transmitted power 
becomes a function of the intensity distribution of the 
pattern. Changes in fiber orientation, temperature, or 
laser frequency can shift the intensity distribution, 
causing random variations in transmitted power. 

Because of its high coherence, a single-mode laser 
forms a very distinct interference pattern, aggravat- 
ing this condition. However, in a multimode laser, 
each of the multiple frequencies present forms its own 
pattern, so intensity variations tend to average out, 
suppressing fiber modal-noise. 


LEDs may have a deceiving output 


Where the diode laser’s power, speed, or spectral 
width are not essential, LEDs can offer system de- 
signers better temperature stability and reliability at 
lower cost. 

Fig. 6 shows typical curves for power vs current 
at various ambient temperatures for a fiber-coupled, 
high-radiance LED. In this case, a GTE Laboratories’ 
LED has been coupled into a Corning grade-index 
optical fiber (NA is 0.22; core-diameter is 62 m), and 
the optical power is measured emerging from a 2-m 
fly-lead. The optical output of the LED (unlike that 
of the diode laser) is relatively insensitive to tem- 
perature, varying only 0.3% per °C. 

However, the measured power output of fiber- 
coupled LEDs is not always the output delivered. The 
LED module that appears to have the least fiber- 
coupled power may actually have the highest optical 
power at equilibrium. 

When the LED fly-lead fiber is coupled to a system 
fiber with a nominally identical numerical aperture 
(NA) and core diameter, unexpected losses may result 
above and beyond those intrinsic in the splice or 
connector. Characteristically, a fraction of the power 
launched into fibers from a LED or other broad-area 
source goes into nonpropagating fiber modes in the 
core. Fig. 7 shows that the power in these modes is 
lost within a few tens of meters. 

Some of the power measured from a LED with a 
short fiber fly-lead will not be coupled into the 
equilibrium propagating modes of the system fiber 
and will appear as an excess loss. Fiber-coupled lasers 
are less prone to this effect because they tend to excite 
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5. The emission spectra of diode lasers narrow 
dramatically with increasing current above threshold, in 
an expansion of Fig. 2. 
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6. Fora fiber-coupled LED, power vs current 
characteristics vary with ambient temperature, but not 
as drastically as for a diode laser. 
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7. Optical power in the fiber drops with distance from the 
LED source, at a rate greater than the nominal, up to the 
equilibrium distance. 


ELECTRONIC DESIGN 8, April 12, 1980 


fewer nonpropagating modes, especially if the laser- 
to-fiber coupling is through a lens. 

These nonpropagating modes account for the rela- 
tively low equilibrium power of some fibers in re- 
sponse to high launched powers. The table illustrates 
how surprising the results of this effect can be. The 
optical power that can be coupled into 2-m lengths 
of the indicated step-index, large-core, optical fibers 
(from a standard high-radiance LED) essentially 
equals P°,.,>—the optical power in . W emerging from 
the 2-m fly-lead in response to 100 mA of LED drive. 

Superficially, the powers more or less scale with 
(NA)?, as would be expected. Furthermore, the LED 
module using the Galite 3000LC fiber looks like the 
preferred choice for any system application. But, when 
the power is calculated after the launched modes have 
come to equilibrium, an entirely different result 
emerges, as the last column of the table shows. The 
optical power scales as the ratio of the squares of the 
NAs. Therefore, P°,.. is normalized to equilibrium by 
multiplying it by the square of the equilibrium-NA 
to launch-NA ratio (NA.g/NAom)?. Most optical fibers 
in telecommunications reach 80-90% of their 
equilibrium NA after approximately 50 m; hence, that 
value of optical power is the most important one for 
the designer of LED-based optical-fiber telecomm 
systems. 

In systems with a high data rate, the asymmetric 
transient response of a high-radiance LED (different 
rise and fall times) can be a problem. The fall time 
depends on the recombination time of injected car- 
riers. It is usually exponential, with a 1/e time 
constant of 5 to 15 ns. The rise time is a function of 
the peak drive current, I, and the device’s space- 
charge capacitance, C,. If the 1/e fall-time constant 
(T;) is known, then the 10 to 90% rise time, vz, can 
be predicted from: 


a = Te + gg ce 
| Tg (mA) 
The capacitance C, is measured at zero bias. Rise and 
fall times can usually be halved by using current- 
peaking in the drive circuit. 

For fiber-optical systems which have medium 
bandwidths (=40 Mbits/s) and use LEDs, fiber-mate- 
rial dispersion is a more likely limitation on trans- 
mission distance than either the LED bandwidth or 
the fiber attenuation. Long-distance transmission 
requires a narrow-spectrum light source, such as a 
diode laser. 


Temperature affects the MTBF 


For both AlGaAs/GaAs-based diode lasers and 
LEDs, the mean time before device failure (MTBF), 
varies exponentially with temperature: 


a Ka “ To 
pe. ie CD i 
a ae 
For both types of diodes, T; is the junction temper- 
rature in °K during operation; T, is a reference 
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temperature (e.g., room temperature) in °K and is less 
than T;; wr, is the MTBF at T;; a7, is the extrapolated 
MTBF at T;: and k is Boltzmann’s constant in eV/°K. 
The activation energy for the degradation process, 
Ea, is 0.85+0.15 eV for diode lasers‘ and 0.5+0.1 eV 
for LEDs*. The time-temperature relationship pro- 
vides a basis for accelerated life testing and prorating 
of diode lasers or LEDs. For example, at a junction 
temperature of 65 C, corresponding to a case tem- 
perature of 55 to 60 C, in a device with good heat 
sinking, diode lasers degrade five times faster than 
LEDs. 

Diode lasers from GTE Laboratories have operated 
in the lasing region at junction temperatures of 70°C 
for more than 12,000 hours before failure. GTE’s LEDs 
have operated more than 14,000 hours at a junction 
temperature of 150 C and a current density (jp) of 4.0 
kA/cm?. The corresponding extrapolated lifetimes of 
these devices at 25 C are: 9.3 X 10° for the laser diode 
and 4.5 x 10° for the LEDs. Failure for the lasers is 
defined as the inability to obtain 1 m W of lasing optical 
power per facet for any drive current. Failure for the 
LEDs is defined as the point at which the initial optical 
power is reduced by 3 dB. 

This treatment of device reliability has not ex- 
amined explicitly the effect of current density on 
device life. However, current density must affect 
lifetimes—especially of diode lasers—since the 
threshold current, and hence the operating current 
density, increase with increasing junction tem-. 
perature. In spite of a lack of adequate experimental 
results, the effect of current density is generally 
believed to be small compared to the effects of 
temperature; device degradation is roughly propor- 
tional to (jp)" where n lies between 0.5 and unity. In 
addition, all reported reliability studies on diode lasers 
and LEDs have employed dc bias; but no reliability 
studies for these devices have been reported for pulsed 
operation—the situation existing in asystems applica- 
tion. While suspicion is strong that degradation, at 
least to the first order, should be proportional to the 
average power, no experimental verification exists. a= 
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Store Recorders have made 





Flick a single switch on a dual standard recorder in 
the new Racal Store DS range, and you've changed 
instantly from Intermediate Band to Wideband 
operation on FM. A single switch that selects either 
recording standard — without the need to interchange 
plug-in modules. A single switch changes all the 


signal channels (four to fourteen) on all seven speeds. 








FM Capability 

The Store range of instrumentation recorders, well- 
renowned for research in the scientific, automobile, 
aerospace and medical fields, now offers an FM 
capability over the entire band DC to 40 kHz, and up 
to 300 kHz on Direct Recording. 


Greater Flexibility 


And even greater flexibility. Switch any channel to 
unipolar, and the full dynamic range becomes 
available to either positive or negative going signals. 
Switch any channel to offset, and you canrecorda 
100 mV peak-to-peak signal ona 20 V step—without 
losing any dynamic range. 
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FILTER 
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Proven Success 


spl +1 All these outstanding new 


advantages have been added to 
the host of features which have 

bt areas +1 made the existing range sucha 

Ee eee success-—like single switch seven- 


speed selection, full servo 
aaa ee | operation, dual peak-indicating 
ee +] meters, full remote control of all 
a functions, portability, and operation 

from AC or battery power sources. 

That's why, by switching to the Racal Recorders’ 
new Store DS range, you can make a quick switch to a 
whole new wideband world. 


Racal Recorders Limited Hardley Industrial Estate, 
Hythe Southampton Hampshire SO4 6ZH England. 
Telephone: 0703-843265 Telex: 47600. 


Racal Recorders Inc 5 Research Place, 
Rockville Maryland 20850, 
Telephone: (301) 948 3085. 


Racal Recorders Always on the right track 
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Our FIOOK family of subnanosecond logic ECL circuits Wk Fesmathu? 
is the fastest in the industry. It's been cited doing ere do eee the FIOOK family? 


750 ps, which is 2-3 times faster than the competition. | Anywhere speed is essential. Especially in large high- 
Not only are our components faster, but your sys- performance computers. And right down the line, from 
tems get taster because we've reduced interconnect mainframes to midis, minis and special processors. 
delays. Which allows for serial proces- Even in communications and instru- 
sing with fewer parts. mentation equipment. 
While being the most complex The FIOOK family is in production 
ECL circuit family available, and Is available now. More and 
it's still the easiest to use more design engineers are beginning 
in system design. to design it in every day. In fact, 80% 
Because it's fully of the companies that build mainframes 
voltage and tempera- ‘24 ee eS have already implemented it into 
ture compensated and pee their systems in order to stay at the 
has higher integration levels. leading edge of technology. With its 
| Plus, the family offers some important _ faster speed and ease of use, the FIOOK family has 
@ae = dvantages over TTL. Such as lower voltage —_ helped increase system performance while decreasing 
swing, complementary outputs anda constant —_ design time. 


Peower supply current fo reduce noise. Another superior product trom the 
P ntroducing anew familymember- —_ Bipolar i der. 











The F220 8-Bit Slice. The FIOOK family benefits ius Isoplanar-S, Fairchild's 
Our FIOOK family includes the FIOOK SSI/MSI, F200 evolutionary new Bipolar process for scaling down 
Gate Array, and a totally new member, the micro- lsoplanar geometries. With it, we're giving the 
programmed F220 8-Bit Slice family. computer industry and related fields superior memory 


With five devices, featuring 1,000-gate density and and logic products. And we'll continue to do so for a 
subnanosecond delays, the 8-Bit Slice family allows for long time POCONOS i oe : , 
excellent flexibility and building-block versatility over If you re not using Fairchild's FIOOK family, you're 


a wide variety of general-purpose applications. wasting both system and design time. And, sooner 
or later, you'll want to take full advantage of its 


F220 8-BIT SLICE performance benefits. Why not make it sooner? 


Pubes For more information about the fastest family in 
bee punctlan Availability | the business, contact your nearest Fairchild office. 


ite ke Fa so Camera & Instrument S.A., 121 Ave. d'Italie, 75013 Paris. Tel: 33] 584 55 66. Telex: 0042 200614. 
] 00220 Add ress and Data Interface Now Baye hild Semiconduttori S.P.A., Via Rosellini, 12, 20124 Milano. Tel: 02 6 88 74.51. Telex: 36522. Germany: 


Fairchild Camera & Instrument (Deutschland) 
Unit (ADI U) GmbH 8046 cea rching Hockbruck, Siraleiat? | 
‘ ‘ 15, Munchen. Tel: 089 320031. Telex: 52 4831 ee 
1 0022 ] Multi-function Network (MFN ) Now fair d. England: Fairchild Camera & Sa ate : 
100222 Dual Access Stack (DAS) Now Do oe otensretecsor Heres AIR CHILD 


Sweden: Fairchild Semiconductor AB, Svart- 
1 00223 Programmable Interface 2nd Q engsgatan 6, S-11620 Stockholm. Tel: 8.449255, 
ex: 17759. 


Unit (PIU) 


100224 Microprogram Sequencer (MPS) 4thQ 3 
Shaping the future of LSI technology. 


A Schlumberger Company 
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50dB AT 1GHz 


TECKSHIELD’ WINDOWS 
CUT EMI MORE THAN 





WITHSTANDS RIGOROUS MILITARY TEMPEST TESTING! 


TECKNIT’S TECKSHIELD High Performance 
Windows combine optimum EMI shielding with 
excellent optical characteristics. TECKSHIELD 
windows perform dependably even in severe 
interference environments. 


Design Features 


e Special low-resistance mesh fully lam- 
inated between two layers of glass, acrylic, 
polycarbonate, or combinations of these 
materials. 


e Curved windows for CRT computer ter- 
minals, word processors, and other CRT- 
based displays. 3 


e Flat windows for maximum protection of 
teleprinters, LED, Nixie tube, and other 
flat displays. 






EMI Shielding Division 


e Color filters and polarizers for contrast 
enhancement. 


e Uniform mesh-to-enclosure continuity 
around the entire perimeter of the shielded 
aperture. 


e Good viewing screen image with minimum 
distortion. 


TECKSHIELD High Performance Windows 
are specially designed to solve tough viewing 
aperture shielding problems. For further infor- 
mation contact the TECKNIT representative 
nearest you. 


U.S. Sales Offices: |) Cranford, NJ: (201) 272-5500. 

_] Santa Barbara, CA: (805) 963-5811. 
International Representatives: [_] England: Dricom Ltd. (Woking, 
Surrey), Tel: WOKING 62465. [] France: Altoflex (Paris), Tel: 372- 
81-88. L] Israel: Mechatronics Engineering, Tel: 03-761927. LJ 
Japan: Industrial Suppliers Co., Ltd. S.A. (Tokyo), Tel: 403-0471. 


ECKNIT_ 


320 North Nopal Street ¢e Santa Barbara, CA 93103 e (805)963-5811 
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All-CMOS components build a uC system 





Bi building a microcomputer system from all- 
CMOS components, designers can reduce power 
dissipation, simplify regulation and increase noise 
immunity. The use of the NSC800 family, fabricated 
with a high-performance version of CMOS (see 
“P2?CMOS—A Major Advance in CMOS Density”), 
demonstrates how these advantages accrue in a re- 
mote data-acquisition system. 

At the device level, reduced power dissipation 
means that, at a given ambient temperature, the 
junction temperature of the CMOS circuit (in, for 
example, a ceramic package) will be about 20 C lower 
than that of a NMOS circuit. The lower junction 
temperature could reduce the system’s failure rate by 
a factor of 10 to 100. 

At the subsystem level, the low power dissipation 
means that less costly packaging can be used where 
the external environment permits. The increased 
packing density and the reduced power requirements 
add up to a reduced power-supply capacity (or even 
battery operation), simpler regulation and reduced 
venting (since the system eliminates less heat). In 
some applications, hermetic packaging would be pos- 
sible for the first time, giving additional protection 
in hostile environments. 


NSC800 family cuts power dissipation 


The NSC800 microprocessor operates at 4-MHz 
clock rates while dissipating less than 5% of the power 
used by previous NMOS chips. With an architecture 
that resembles the Z80’s and a bus structure that 
resembles the 8085’s, the NSC800 improves upon their 
features, yet is software compatible with both proces- 
sors (see “A Look at the NSC800 Family”). It can be 
used in many applications—especially remote data 
acquisition—where power is at a premium. 

In large-systems using dynamic memories, the 
built-in refresh capability of the NSC800 CPU pro- 
vides an 8-bit refresh address—one bit larger than 
that provided by the Z80. This extra bit makes the 
CPU compatible with 64-kbit dynamic RAMs and 





Keith Winter, Applications Engineer, and Anne Wagner- 
Korne, Product Marketing Manager, National Semi- 
conductor, 2900 Semiconductor Dr., Santa Clara, CA 
95051. 
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that checks power loss, eases regulation 


ee 


1. Three P?CMOS chips, the NSC800, 810 and 830, make 








a complete microprocessor system with CPU, RAM, ROM, 


counter/timers, 42 I/O lines and a large address space of 
64 kbytes. 


TYPICAL 


2. Asan NMOS system becomes more complex, power 
consumption could increase to almost 20 W; fora CMOS 
system, consumption would increase to just 1.1W 





(a). Although CMOS power dissipation is frequency 


dependent, the NSC800 CPU requires just 50 mW ata 
clock frequency of 4 MHz (b). 
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ST PER WATT 
SUPPLY NMOS CMOS 
| 2.00 TIGHT 
0.95 REGULATION | 
0.55 : 
200W~ 0.80 0.40 


LOOSE [2 
REGULATION | 





3. CMOS operates over a wide voltage range, and higher 
clock frequencies can be used if the operating voltage level 
rises above 5 V (a). Because CMOS devices draw little 
power, supplies require a lower power rating; thus, the 
cost per watt can come down (b). 
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T4PCO4 Vec= 5V 
Cy =100 pF 


74PCO04 
C, *229F 


74004 
CL=50pF. 


—__ 7AC04 
Cy =15 pF 


4. With the introduction of SSI and MSI circuits fabricated 
in the P?CMOS technology, speed-power products show 
a marked improvement, especially with heavier capacitive 
loads, compared to the equivalent 74CXX logic devices. 
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gives simple refresh support to very large memory 
systems. 

The CPU takes advantage of two P?CMOS LSI 
support circuits (the NSC810 and NSC830), a new 
family of high-performance SSI and MSI P?CMOS 
circuits, and all-standard, off-the-shelf CMOS logic 
circuits (see Table 1). The NSC810 combination RAM- 
I/O-timer provides 128 bytes of RAM, individually 
programmable I/O lines and two prescaled 16-bit 
counter/timers. The NSC830 provides 2048 bytes of 
ROM, as well as programmable I/O lines. The result- 
ing three-chip system (the NSC800, 810 and 830) 
delivers 42 inputs or outputs, five interrupt inputs, 
two counter/timers, an integral clock generator, 
RAM, ROM and memory-refresh capability (Fig. 1). 

The three circuits operate over a wide voltage range 
(3 to 12 V) and an extensive temperature span (—40 
to +85 C), with a typical power dissipation of less than 
100 mW for all three (Fig. 2a). Power dissipation drops 
in proportion to the clock frequency (Fig. 2b). 

Because the NSC800 family operates over a wide 
voltage range, power-supply options can be tailored 
to a particular application (Fig. 3a). The degree of 
regulation needed—and the cost of the supply—can 
be greatly reduced in many cases (Fig. 3b). 

CMOS also offers a typically higher noise immunity. 
For the NSC800, the margins are specified at 30% of 
the operating voltage level. This again reduces design 
considerations and makes operation feasible in elec- 
trically “dirty” environments. 

In remote data-acquisition systems, the NSC800 
family is supported by SSI and MSI logic circuits, as 
well as CMOS real-time clocks and a/d converters (or 
complete CMOS front-ends). 

To meet some of the logic support requirements, 
National Semiconductor will offer the 74PCXX family 
of SSI and MSI support circuits. Like the 74C family 
of CMOS logic replacements for TTL devices, the 74PC 
is fabricated from P?CMOS to create the high-per- 
formance “glue” circuits required by most applica- 
tions. 

Initially, nine 74PC and 82PC circuits will be avail- 
able; however, additional circuits will be introduced 
at a later time. These circuits perform better than the 
older 74C family. For example, the 74PC00, 02, 04, 
08 and 32 will offer operating voltage ranges of 3 to 
12 V, a 100-pF drive capability and propagation delays 
of just 18 ns (10-V supply and 15-pF load). As with 
all CMOS circuits, power dissipation depends on the 
input frequency; the curve in Fig. 4 shows the typical 
power dissipation of one of the gates. 

More complex functions (such as the MM74PC74 
dual D flip-flop or the 74PC138 decoder) offer similar 
improvements. The flip-flop has a propagation delay 
from the clock of just 40 ns (at 5 V), and the decoder 
introduces a delay of just 32 ns, maximum, with a 
100-pF load. Additional support circuits include the 
82PC08 and 82PC12, which are P?CMOS equivalents 
to the NMOS 8208 and 8212 circuits. 

An all-CMOS remote data-acquisition system (Fig. 
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P°CMOS—A major advance in CMOS density 


To provide the density for fabricating a high-end 
8-bit microprocessor on a single chip, the P?>CMOS 
process uses silicon-gate technology. It gives a favor- 
able tradeoff between performance, reliability, power 
dissipation and manufacturability. P-type wells, 
selective field oxidation and self-aligned ion implants 
optimize device topology, for a 50% reduction of the 
linear chip area between cells. This thinner separation 
and a 30% device scaling greatly improve the speed- 
power product. — 

The denser layout reflects the use of field surface 
doping to extend the operating voltage range; the 
usual CMOS guard rings are not needed (see Fig. A). 
A doped layer of polysilicon over a sub-1000 A oxide 
forms the self-aligned gates. A second layer of 
polysilicon provides the interconnect, improving the 
flexibility of the design and the layout density. These 
features combine with carefully controlled source- 
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drain diffusions and special metallizations to produce 
such devices as the NSC800 family. 

_ The P?CMOS process does have its penalties—it 
requires about 20 to 25% more masking steps, though 
most of the additional steps are not critical. One 
advantage, the bipolar transistors that are inherent 
in most CMOS processes (Fig. B), is limited because 
the bipolar devices can only be used in emitter- 
follower configurations (with the collector common to 
the Vcc line). However, the transistors can provide 
high-current drive for a relatively small chip area. 

Thus, the P?CMOS process brings advances not only 
in processing, but also in fabrication techniques—ion 
implantation, dry plasma etching, noncontact print- 
ing and E-beam generated masks. An evolutionary 
product, rather than revolutionary, the NSC800 fami- 
ly benefits from the reliability and manufacturability 
guidelines and precedents set in earlier processes. 
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5) can withstand harsh environments, draws very 
little power, is very compact and is easy to configure. 
' All major components—five LSI circuits plus a few 
SSI devices—require just 125 mW during operation, 
and even less in the standby mode, permitting opera- 
tion from a 5-V rechargeable battery pack. The host 
supplies the high current needed by the current-loop 
serial interface. 

The system contains an NSC800 CPU, an 810 RAM- 
I/O-timer, an 830 ROM-I/O circuit, an ADC0816 16- 
channel 8-bit a/d converter (ADC), and an MM58167 
real-time clock (RTC). Two lines of the 830 form a 
serial port communication link so that the remote 
system can transfer data to a host system. The RAM 
of the 810 serves as a data buffer to store intermediate 
measurements, and as a scratchpad for calculations. 
Both timers on the 810 count down the crystal frequen- 
ey and produce the clocks required by the ADC and 
RTC. The power-down capability of the CPU helps 
reduce the system’s power consumption to just 70 mW 
when data acquisition is not necessary. 

One of the analog input channels of the ADC 
connects to a battery pack. Because it would have to 
operate even if a power failure occurred, the remote 
data-acquisition system must have battery operation 
or at least a battery backup. The CPU monitors its 
own supply voltage and notifies the host system when 
a battery change is needed. 

In the NSC800-based system, the ADC0816 takes 
readings on various input conditions. The types of 
input devices connected to the ADC depend on the 
parameters to be measured. For example, the inputs 
to the converter could be from temperature sensors, 
fluid flow sensors, level sensors or other types of 
transducers. 

System programming determines when the ADC 
will sample an input channel, perform a conversion 
and send the data to the RAM. The readings are 
checked, if necessary, against set points, and a warn- 
ing is transmitted if the set points are exceeded. The 
host system does not have to command the ADC to 
take readings every time they are necessary. Instead, 
the processor sets up the RTC to interrupt it at a 
predefined time to receive data from the ADC. 

The reading values taken by the converter can be 
transferred to the NSC810 for later processing or 
correlation. For example, if temperature transducers 
are used to monitor a building, it might be desirable 
to know the high and low temperatures during a 12- 
hour period. After compiling the information, the 
system could dump the data to the host over a 
communications link. 

The required clock signals for the ADC and RTC 
peripherals are generated by the two timers in the 
810. With various divisors, the master clock generated 
by the NSC800 is counted down to produce the 
frequencies needed for the RTC (timer 1) and the ADC 
(timer 0). Table 2 shows four crystal frequencies that 
are readily available, and the results of various divide 
ratios. 
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Table 1. CMOS logic and support circuits 


Memories 
MM74C920/1 
MM74C929/30 
NMC6503* 
NMC6513* 
NMC6504* 
NMC6514* 


Peripheral 
controllers 
MM58167 
MM58174 
MM74C922/3 
MM74C911/12/17 


Real-time clock (8-bit bus) 
Real-time clock (4-bit bus) 
Keyboard encoders 
Display controllers 


MM5452 LCD display driver 


Analog interfaces 
ADC3511 3.5-digit integrating a/d 
ADC3711 3.75-digit integrating a/d 
ADCO816 16-channel, 8-bit ADC 
ADCO808 8-channel, 8-bit ADC 
ADC1210 12-bit ADC 

DAC1020 4-quad multiplying DAC 
DAC1220 4-quad multiplying DAC 
DAC1001-1008 10-bit d/a (Micro-DAC) 
ADC0801-0804 8-bit a/d (Naked-8) 


Auxiliary 
components 


MM74PCOO* 
MM74PCO02* 
MM74PCO04* 
MM74PC08* 
MM74PC32* 
MM74PC74* 


Quad NAND gate 
Quad nor gate 
Hex inverter 
Quad AND gate 
Quad or gate 
Dual D flip-flop 





MM74PC138* 
MM74C42 
MM74C240 
MM74C373/4 
MM74C908 
MM82PC08* 
MM82PC12* 
MM88C30 


l-of-8 decoder 

1-of-10 decoder 

Octal buffer 

Octal latch 

Dual relay driver 
Octal driver 

8-bit 1/0 port 

Dual differential driver 


Table 2. Clock frequencies 
available to NSC800 


Crystal CPU clock | Timer 0 Timer 1 
frequency | output output 


2.097152 1.048576 262.144 kHz 


MHz MHz divisor = 4 
1.638400 


3.276800 
MHz MHz 


divisor = 5 
4.194304 2.097152 
MHz MHz 
4.915200 2.457600 
MHz MHz 


divisor = 8 


divisor = 5 


‘| 327.680 kHz 


262.144 kHz 


491.520 kHz 


divisor = 
32.768 kHz 
divisor = 10 
32.768 kHz 
divisor = 8 
32.768 kHz 
divisor = 15 
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The RTC function of the MM58167 lets the system 
program its interrupt register either for a time-of-day 
match (which includes the day of the week, the date 
and month) or for every month, week, day, hour, 
minute, second or tenth of a second or for both 
schedules. The data format of the RTC is binary-coded 
decimal. Thus, precise time-of-day measurements can 
be made without the CPU doing the time-keeping. 

The interrupt output of the RTC can be connected 
through one port bit of the NSC810 to put the CPU 
into its power-save mode and reenable it at a preset 
time. This interrupt output can also connect to one 
of the hardware restart inputs (RSTB), for measuring 
time-duration. However, without the RTC, the CPU 
would have to do the timekeeping and thus could not 
go into the power-save mode. 

The CPU communicates with the peripheral devices 
through the I/O ports of the NSC810 and NSC830, 
since the peripherals are not directly compatible with 
the multiplexed bus structure of the NSC800. For 
example, data that must be written into the RTC are 
first output to Port A. Then, the address of the internal 
register is selected and the chip-select signal is applied 
via Port B. A bit-set-and-clear operation emulates a 
pulse on the bit of Port B which is connected to the 
Wr-input of the RTC. ? 

The short program in Fig. 6 shows a sample source 
listing that performs a write operation to the RTC. 
After the program applies a counter reset, the RTC 
resets all internal timing counters, and then receives 
a chip select and write strobe from the bit set and 
clear commands. 

For a read operation, the same sequence occurs 
except that Port A operates in its input mode and the 
RD line is pulsed. The read strobe is applied to the 
RTC with the address of the desired internal register 
on bits 0 through 4. 

Somewhat the same techniques are used to read 
converted data from the ADC. When a conversion is 
desired, the CPU selects a channel and commands the 
ADC to start a conversion. Completion of the con- 
version produces an end-of-conversion signal that 
connects directly to the interrupt input, RSTA, of the 
processor. 


Power-save saves the battery’s life 


When operating, the system draws about 125 mW, 
dropping to just 70 mW in the power-save mode. If 
the system spent most of its time in the power-save 
mode, a 10 A-h battery pack would need charging only 
about once a month. Since readings are usually 
periodic, the ADC can take readings and the CPU can 
make its calculations in no more than a few milli- 
seconds each period. Thus, the actual operating time 
could be just 3 to 5% of the total. If the batteries used 
in the system were nickel-cadmium with a 5 A-h 
rating, a battery life of 400 to 500 hours could be 
expected. 

One factor limiting this lifespan is the battery’s self- 
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A look at the NSC800 family 


Three LSI circuits fabricated in National’s high- 
performance P?CMOS process constitute the NSC800 
family: the NSC800 CPU, the NSC810 combination 
RAM-I/O-timer and the NSC830 combination ROM- 
I/O circuit. The CPU combines the best features of 
both the Z80 and 8085 CPUs—the multiplexed bus of 
the 8085 and the instruction set and basic architecture 
of the Z80. 

However in the NSC800, the RIM and SIM commands 
of the 8085 have been eliminated, along with the serial 
I/O lines. Instead, the 800 has a power-down control 
line and a refresh output that activates the 8-bit 
refresh capability of the CPU. Because the 800 is 
software compatible with the Z80, the names and 
polarities of several 8085 signals have been changed 
to Z80 nomenclature. 

Although the internal architecture of the 800 pro- 
vides complete compatibility with the Z80, the in- 
ternal timing closely resembles that of the 8085— 
operations of the processor respond to the ALE signal 
rather than to the clock itself. In several ways the 
800 improves on the 8085’s timing: Output data are 
valid on both the leading and trailing edges of the 
Write signal, and the 800 automatically inserts a wait 
state during I/O cycles. 

The 810 and 830 LSI support circuits are functional- 
ly similar to the 8155 and 8355 support circuits for 
the 8085 CPU. For example, the 810 provides RAM, 
I/O and two counter/timers. Although the RAM has 
half the capacity (just 128 bytes) of the 8155, it 
accesses in just 250 ns (the 8155 accesses in 400 ns). 
The timer sections include two prescaled 16-bit units 
instead of the single 14-bit counter/timer of the 8155. 
Like the NSC800, the 810 operates with a 4-MHz clock 
at a power dissipation level of 25 mW (at 5 V). 

Each line of the 810’s I/O ports (two 8-bit and one 
4-bit) is individually programmable (the 8155 ports 
can be programmed only in blocks). Unlike the 8155, 
only one of the 810’s ports offers strobed I/O. How- 
ever, that one port can operate in three modes—input, 
output and three-state. Registers on the chip control 
the multimode port operation, as well as the timers 
and other port-line operations. 

Like the 810, the 830 performs better than the 
equivalent NMOS device, the 8355. Offering a 2048- 
byte ROM with a 250-ns access time, the 830 has no 
need:for the 8355’s Ready signal. Also, the 880 com- 
bines the IOR function with one of two inputs provided 
for mask-programmable chip-enable lines. Thus, the 
user gets one more 4-bit port than with the 8355. The 
ports of the 830 function similarly to the ports of the 
810, including multiple modes on one port. 
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AD(0-7) 
NSC800 
RD 
WR 
ALE 
IO/M 
RESET OUT 


RSTB 


5. Acomplete data-acquisition system can be put 


together by combining just five LSI circuits: the NSC800, 
810 and 830; a 16-channel 8-bit a/d converter; and a real- 


_as output | 


‘0 apply chip select 
bit set (bit 





6. This simple routine shows how theCPU controls the 
loading of data into the internal registers of the RTC by 
using the port output lines as strobe signals. 
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time clock circuit. Since all circuits are CMOS, the entire 
system will operate intermittently from a 10 A-h battery 
for a month before the battery would need recharging. 


discharge characteristic, which can typically be as 
high as 30% of the charge for every month on the shelf. 
To counter this problem, the system includes one 
analog input that serves as a battery test line (IN). 
The source used in the system consists of seven cells 
stacked to provide 8.5 V. The converter is connected 
so that it can read the voltage on two of the cells. 

Most manufacturers recommend that the cell 
should be recharged when the voltage drops below 1 
V/cell. Recharging at this point prevents a total 
discharge. So, the analog input measures the two-cell 
voltage, say once an hour, and compares the result 
to a set value stored in memory. When battery power 
is low, the processor sends a warning over the serial 
link or sounds an alarm. os 





How useful? Circle No. 
Immediate design application 559 
Within the next year 560 
Not applicable 561 
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DIGITAL /ANALOG ANALYSIS: 
THE TEST SYSTEM FOR THE 80's. 


Introducing the new Paratronics P1540 Logic Analysis System. 













The smarter your product becomes for Our new Logic Analysis System gives linked resources allow you to trace 

the 80’s, the harder it’s going to be to you 32 state channels, 8 more channels — sequences beginning with an analog input, 
test. Up to now you've been for timing (or state), and continuing with its conversion to digital, 
using state and timing a) one analog channel—the and ending with its ultimate effect on 
analyzers to wrestle with syn- Waveform number and type of moni- program flow. 

chronous and asynchronous Analog Domain toring functions you'll need The Most Complete Analysis 


Signal to develop and test today’s Too] Available 


digital problems. But there 
bus-oriented products. But The P[540’s standard features include 


are still analog signals out 







there, and you still need a Timing monitoring power alone is variable threshold probes, 16 levels of 
waveform recorder. Digital Domain not enough: the great news nested triggering, signature analysis, 
Now the Third Generation Signal is that we let you link any —_cross-correlation processing, comparison 
Paratronics has looked at or all of these analysis memories, and hex, octal, binary, 

testing in the 80’s and Micro-Computer resources to ferret out the decimal, ASCII, timing and waveform 
developed the PI540 in State cross-domain problems display formats. 


Domain you'll be encountering. 


order to combine state, A Word About the 


timing and waveform : For example, in the analysis System 5000 Mainframe 
recording functions into Vv of zP-based processor The PI540 utilizes Paratronics’ new 
one compact piece of gear. controller, the PI540’s System 5000 mainframe which houses a 


large, 9-inch (23-cm) CRT; a protective 
folding keyboard with posi- 
tive-action, domed keys; 
SLE and a general-purpose 
at ul microcomputing system. 
: 2.08 : 4.80 LE The individual analyzer 
eee ae AG tanec functions unique to the 
as : PI540 reside in the System 
uk 5000’s applications card 
ms cee scans cage. In this manner, the 
: PI540 can be configured 
with the analysis resources 
you need now, and 
upgraded later. 
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If you’re going to keep smart machines 
working smartly in the 80’s, you'll want 
to know all about our P1540. For com- 
plete information or a demonstration by 
one of our local sales engineers, contact 
Paratronics, Inc., 2140 Bering Drive, San 
Jose, CA 95131; (800) 538-9713 (toll free) 
or (408) 263-2252 (California). 


g PARATRONIGS INC. 


FOR ADDITIONAL INFORMATION CIRCLE NO. 55. 
FOR A DEMONSTRATION CIRCLE NO. 56. 














Software techniques cram functions and 
data into pocket-sized .C applications 


ere’s a challenging design problem: Fit many 

functions into a limited ROM/RAM space, and 
design a data structure that provides enough data 
compaction and efficient access to the stored informa- 
tion. The solution consists of four sophisticated soft- 
ware techniques: 

=» An interpreter that crams a program into the 
smallest possible memory space - | 

» Huffman encoding for word compaction that will 
minimize the needed storage 

«» A mapping algorithm that permits use of individ- 
ual modules for each function while maintaining 
compatibility between all data-storage cartridges 

«» A symbol table with alphabetical ordering that 
simplifies searching for data. 

To see how effectively this strategy can be im- 
plemented, examine the Craig M-100, a hand-held 
combination language translator and personal com- 
puter. It has three slots for ROM cartridges—2, 4 or 
8-kbyte—that contain either dictionaries or programs 
(a 32-kbit dictionary ROM can take about 1200 words). 
The hardware (Fig. 1) consists of a single-chip F-8 
microprocessor (the 3820), a 43-key keyboard, 16 
characters of alphanumeric display, 32 bytes of ex- 
ternal RAM and four external ROMs. Three of the 
ROMs are removable dictionary or program 
cartridges, while the fourth contains the translation 
program and a small starter dictionary. 

The 3870 has 2048 bytes of on-board ROM and 64 
bytes of RAM. Since the application program, exclud- 
ing dictionaries, uses 96 bytes of RAM and about 5000 
bytes of ROM, 1000 bytes are left for metric con- 
versions and a simple starter vocabulary. 


An interpreter for the interpreter 


The 3870 does not have an external address bus, but 
interpretive instructions can be fed in over the data 
bus and executed every 2 milliseconds. In addition, 
since the 3870 cannot execute machine code from the 
external ROMs, the M-100 uses a Forth-like in- 
terpreter—not a specially designed interpreter, but an 
existing one adapted to execute Forth programs from 


Paul Heckel, President, and Richard Schroeppel, Consul- 
tant, Interactive Systems Consultants, 666 South EI 
Monte, Los Altos, CA 94305. 
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the read-only memories. 

Forth’s 16-bit pointers have been modified to 8-bit 
tokens to enable the executable code to compress a 
great deal of function in a small space. This solution 
speeds up the design cycle drastically, by permitting 
the use of existing software and development tools. 
In addition to eliminating the time and effort needed 
to design and debug a new interpreter, the adaptation 
offers several other advantages: 

» It permits running code from external ROM and 
removable cartridges, making the translator a 
general-purpose computer. And adding other features 
like a phonetic program cartridge is greatly simplified 
(see “Instant Translators—Who needs them?”). 

» Its stack orientation provides for efficient alloca- 
tion of temporary variables. 

» The modular, extensible form of a very simple 
interpreter permits the choice of a set of appropriate 
primitives—in this case, a subset of the standard 
Forth primitives plus some specialized ones for data 
compaction. 

=» Machine independence is provided so that future 
translators can use different processors and still be 
compatible with existing program cartridges. 

The interpreter and machine-language kernel need 
about 800 bytes of code, leaving about 1250 bytes for 





1. As the block diagram shows, the Craig M-100 translator 
has all the characteristics of a general-purpose computer: 
full keyboard, display, processing unit, RAM and 
exchangeable mass storage. 
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the data structure primitives. The interpretive code 
consists of a list of 8-bit tokens, each a number in 
the range of 0 through 255. The list is broken up into 
three ranges: Small numbers are interpreted as values 
to push onto the stack; intermediate numbers to index 
into a table containing the addresses of executable 
machine code; and high numbers to index into a table 
on external ROM (or cartridge ROM), which yields a 
string of tokens representing subroutines. 
Programs or subroutines are stored as “postfix” 
bytes: the code “2 more 3 +” first pushes 2, then 3 
on the stack, and finally executes the machine-code 
function ADD, which adds the top two numbers on the 
stack and replaces them with their sum. This reverse- 
Polish system is Forth’s standard operating mode.’ 


Shoehorning the data 


The most challenging technical problem in the 
M-100 is the data-structure design. Since the trans- 
lator has one cartridge for each language, words and 
canned phrases in each language must be coordinated 
—for example, the word DOG is No. 17 in the English 
cartridge; PERRO, No. 17 in the Spanish cartridge; 
CHIEN, No. 17 in French, and so on. This system allows 
interchangeability among all languages: a Spanish 
cartridge can be used with a Norwegian cartridge as 
well as an English or a French one. 

The coordinated approach requires the following 
access modes to the data structure: 

a Given a word number, produce the word (e.g., 
given 37, produce DOG); 

» Given a word, produce the word number (e.g., 
given DOG, produce 37). 

s Given an initial string, produce all words that 
match (e.g., given DOG, produceDOG, DOGMA, DOGMATIC 
etc.) 

There are two constraints. The dictionary needs an 
extremely compact structure to store the maximum 
number of words; and the structure’s operations must 
be performed quickly, both for the initial dictionary 
of 1000 to 2500 words and for possible future expansion 
to even a million words. The solution: Dictionary 
words are stored in alphabetical order and a map table 
provides the mapping between language-invariant 
word numbers on one hand (DOG = 37; DOGMA = 946) 
and alphabetical positions on the other (DOG = 157; 
DOGMA = 158). 

Alphabetical ordering allows symbol table refer- 
ences to be looked up in a time period proportional 
to Log, N, where N is the number of words in the 
dictionary. Since only about Logs N words need be 
referenced for operations, the computational costs of 
referencing the compacted code are more acceptable 
than in other data structures where the factor would 
be N or N/2. 

The words are in alphabetical order in the compact- 
ing algorithm. This fact can be exploited by the word 
encoding scheme to get back about 80% of the storage 
“cost” of the map table. 
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COPY 2 ADDO 
COPY 3 ADD 3 
COPY 1 ADD 1 


2. Words are stored in ROM memory alphabetically, to 
cash in on the repetitive part of successive words. The 
table stores a variable, copy, which specifies how many 
letters can be taken over from the preceding word. 
Another variable, app, determines the next letter, and only 
additional letters must be stored in full. The symbol 
asterisk serves as the word separator. 


Symbol-table storage (Fig. 2) forms a “bucket list” 
that can point to every word numbered 28 in alphabet- 
ical position (where 28 = 1,2,4,8,16,32, etc.). Thus, 
word number W is in position (W mod B) in bucket 
number W/B. If the bucket size is 16, then DOG, in 
alphabetical position 157, word 13 in bucket 9: 

9 X 16 + 13 = 157. 

Finding the language-invariant number of a word 
involves two searches: A binary search looks up the 
word, comparing the first word in each bucket to the 
target word. A linear search looks through the proper 
bucket for the target word. During the search, the 
algorithm keeps track of the current-word number and 
when the word is found, its alphabetical position 
number (DOG = 157) is converted to the language- 
invariant word number (DOG = 37). 

Primitives for finding successive matches for a 
“target initial string” are constructed similarly. Given 
an initial target string of DOG, on repeated calls the 
primitive finds DOG, DOGMA, DOGMATIC, and so on. 


What’s the value of a word? 


Unlike most symbol-table structures, the one in the 
M-100 does not contain an explicit value. Rather, the 
alphabetical-position number is a word’s implicit 
“value” that can be mapped into the language-indepen- 
dent “logical” word number. However, the symbol- 
table construct allows a value to be stored following 
each word. 

This data structure allows easy compaction of the 
table entries via a variant of Huffman encoding*— 
a simple method of generating variable-length 
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“codons” for characters, so that often used characters 
have short codons and rarely used characters have 
long ones. The letter E, for example, might have the 
codon 01 and Z the codon 11011101. Given a particular 
text, codon generation is straightforward, even if (as 
in the translator) the maximum codon length is 
constrained to eight. 

Improved compaction is possible because the proba- 
bility of a particular character’s occurring depends on 
the previous character. For example, in most lan- 
guages vowels tend to follow consonants and vice 
versa. Using one set of Huffman codes to encode 
characters following consonants and another for char- 
acters following vowels reduces the average codon 
length significantly. 

A class table, indexed by the current ASCII charac- 
ter, provides a class number that specifies the Huff- 
man table to be used to decode the next character. 
Character classes are selected by trial and error when 
the language dictionaries are assembled. In practice, 
eight tables can profitably be used to get additional 


compaction, despite the memory cost of the additional . 


Huffman tables. 

Even further compaction is possible because the 
words are stored in alphabetical order. Each word is 
stored as a series of codons (Cj, C2...C,), each of which 
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is a Huffman code; Cy is the codon that precedes the 
word separator. 

The first codon (C;) is unique in that its value in 
the decode table is not a 7-bit ASCII character but 
a 83-bit quantity called COPY and a 4-bit quantity called 
ADD: COPY indicates how many characters to copy from 
the previous word and ADD indicates the increment 
to convert the previous word’s next letter to the 
current word’s. 

In Fig. 2, for example, the codon for the word ABOUT, 

C,, contains COPY = 2, ADD = 3. Since the previous 
word was ABLE, COPY = 2 means that the first two 
characters, AB, are copied: ADD = 3 means that the 
next character is incremented by three in alphabetical 
sequence (L + 3-0). The result is ABO; the codons for 
U, T, and the word separator follow. 

Since this structure is accessed via bucket-list 
pointers, the first codon for the first word in each 
bucket cannot refer back to the previous word. As a 
result, the first word in each bucket must be spelled 
out in full. 

The Huffman tables are constructed in a way that 
minimizes storage needs. Each table consists of a list 
of 7-bit ASCII words in order from most to least 
frequently used characters. The Huffman code for the 
first character is computed from the header byte in 
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the Huffman table. The Huffman code for other 
entries is computed from the Huffman code of the 
previous entry and the previous byte’s high-order bit. 

In Fig. 3, the header byte contains a right-justified 
mask (00000111), which specifies the length of the 
tentative codon for the first possible character, E. The 
codon for the first character is always all ZEROS—in 
the example, 000. The character can be decoded if this 
tentative codon matches the beginning of the bit 
stream being decoded—i.e., if the string being decoded 
begins with 000. The pointer to the bit stream is then 
advanced to point immediately after the matched 
codon so that word decoding can continue. 

If, however, the codon does not match the beginning 
of the bit stream, the next tentative codon is computed 
by first incrementing the tentative codon by 1. Thus, 
000 would become 001, or 0001 would become 0010. 
Next, if the high-order bit of the unmatched character 
is set, the tentative codon is shifted left by 1, increas- 
ing its length—000 would become 0010 or 0001 would 
become 00100. The new tentative codon can now be 
compared with the beginning of the bit stream, and 
the process continues until the tentative codon 
matches the beginning of the bit stream. The cor- 
responding character then can be output from the 
Huffman decode table and the bit stream pointer 
advanced past the just-matched codon (Fig. 4). 

At first, this procedure seems awkward and slow 
since it requires a serial search of the decode table 
for each character. However, the characters are stored 
in order of frequency, and with about 4 bits used to 
encode a character (4.6 bits including the table over- 
head), finding a character takes an average about half 
the time it takes to search a 16-word (2¢-bit) table. 
Consequently, only the time it takes to step through 
eight entries is needed. 


Mapping the words 


To understand the mapping algorithm, assume 1024 
(2!°) words are stored in a dictionary. One could store 
the map table as 1024 entries of 10 bits, which are 
accessed by index for mapping in one direction and 
serially searched for mapping in the other direction. 
But this approach has two problems: 

1. A linear search through 1024 entries would take 
a time proportional to the number of words in the 
dictionary—the bigger the dictionary, the more pro- 
hibitive the search time. 

2. The resulting data structure would use a constant 
entry size, presenting some implementation problems. 
For example, if 1025 instead of 1024 words were to 
be stored, a wasteful 11-bit entry would be needed. 

This problem can be solved with a bidirectional bit- 
mapping algorithm.®* The algorithm assumes that a 
bit space of approximately N(log2 N - 1.5) bits has been 
set up appropriately and performs about 2 logs N 
operations to map from an alphabetical position to 
a logical word number and vice versa. This algorithm 
also saves about 1.5 bits per word, resulting in 8.5 bits 
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for each of the 1024 words. 

Mathematically speaking, the algorithm simply 
permutes a set of elements; in effect it reorders a list 
of distinct words (or numbers)—each item must 
appear once and only once in each list. The basic 
elements of the system are crossbars (Fig. 5a), which 
specify the two possible two-element permutations. 
Think of a permutation as wires going in the left side 
of the diagram and coming out the right side in 
(possibly) different positions. The two mappings in 
Fig. 5a, parallel (=) and cross (X), seem trival, but 
as the number increases, the picture gets complex. 

Fortunately, it is possible to recursively build up 
a permutation of 2N+1 elements from a permutation 
of 2N elements. In Fig. 5b, the algorithm specifies the 
wires connecting the boxes; the data in the map table 
specify which of the two crossbar elements shown in 
Fig. 5a should be placed in each of the empty boxes. 

The language compiler can easily “fill the boxes” 
for a given permutation. For example, assume the 
desired permutation is 0218. Box A is always set to 
=: and X or an = must be assigned to B, C and D. 
(Ignore Y and Z for the time being). Following element 
0 from box A to the Y box, the permutation must 
continue to the top entry on the C box. So an = must 
be put in box C to complete this connection. Now, 
following element 2 back from box C through Z and 
B, an X must be assigned to box B. Again following 





3. Huffman codons are short for frequently used letters 
like E and get longer as usage frequency drops. Thus, the 
word “the,’”’ which is made up of common characters, 
needs just 10 bits, compared to 21 in ASCII. 


4. To decode a word, 
first look up a bit 
stream in the Huffman 
table to see if there is 
an entry for the word. 
If not, the number of 
bits is increased untila 
match is found. In this 
case, the first match is 
010 (B), followed by the 
codons for EandR. The 
word is now ready for 
display. 


01000001000 
01000001000 
01000001000 
B 900001000 
B 00001000 
B E901000 


No match 
No match 
Found B 
No match 
Found E 
No match 
Found E 
No match 
No match 
No match 
Found R 


B E001000 
BEE1000 
BEE1000 
BEE1000 
BEE1000 
BEER 
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5. Conversion from alphabetic to logical word numbers 
and vice versa is done with a bidirectional bit-mapping 
algorithm, which has two basic elements (a). The mapping 
process is easy to do by hand when only a ‘'4-box”’ results 
(b), but larger boxes are best solved with a recursive 
algorithm, as described in the text (c). 


element 3 from box B to D, an = must be assigned 
to D. The remaining line, 1, maps from box A to box 
D, and all that’s left to be done is to specify boxes 
Y and Z. 

In this case the choice is obvious: Y gets an = and 
Zan X. In general, however, “filling in” X and Y is 
a recursive problem as demonstrated in Fig. 5c for 
an eight-element permutation with two 4-boxes. The 
first step is to write down a permutation on the right 
side and then repeat the above procedure, alternately 
filling in boxes on the right and left sides and then 
recursively solving the permutations for the two 
central 4-boxes.as 
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Rockwell's compact MOS-LSI modem 
gives new physical design freedom. 


Rockwell’s R24 Modem is the 
most compact 2400 bps MOS-LSI 
modem available today. Its small 
sizeand modularity give designers 
a whole new form factor flexi- 
bility. Requiring only 25 square 
inches of system area, the R24 
is ideal for terminals and com- 
munications equipment. 

The R24 provides functional 
flexibility also. Of its 3 modules, 
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R24. The first 2400 bps 
modular modem. 


one is the transmitter, two the 
receiver. Terminal designers can 
offer transmit-only or receive- 
only options. And, the R24 is Bell 
201 B/C and CCITT V.26 and 
V.26 bis compatible. 

With its major functions in 
LSI circuits, the R24 is solid-state 
reliable and economical. It can 
be configured for operation on 
either leased lines or the general 
switched network. And, each low- 














profile module can be plugged 
into standard connectors or wave 
soldered onto system PC boards. 

A new generation of modems 
from the company that’s delivered 
more high-speed modems than 
anyone in the world. That’s 
Rockwell Micropower! 

For more information, contact 
Modem Marketing, Electronic 
Devices Division, Rockwell Inter- 
national, P.O. Box 3669, RC 55, 
Anaheim, California 92803. 

(714) 632-5535. 


where science gets down to business 
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Triplett's 
Series GL 
or GL/B 


Triplett's newest panel instru- 
ments, the Series GL and GL/B, 
feature glass windows, matte- 
finish phenolic cases and a dial 
design that can readily accom- 
modate multiple scales. They are 
available in 342", 42” and 
52" sizes. 

The GL Series features a stan- 
dard 2-stud mount with 3- and 
4-stud mounts available. 

The feature of the GL/B Series 
is behind-the-panel mounting 
with a bezel which is an integral 
part of the case. 
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adaptable new instruments, con- 
tact your Triplett Sales/Service/ 
Modification Center or distribu- 
tor. For prototypes or produc- 
tion quantities, contact your 
Triplett representative. Triplett 
Corporation, Bluffton, Ohio 
45817. 
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Simple circuit and software replace 
PROM programmer for 6800-based systems 


In the development of software for microprocessor- 
based systems, debugged software must often be 
transferred to PROM for later use in the system. It 
is preferable to write in the system’s PROM directly 
from the system’s RAM, instead of copying down the 
contents of the RAM and then writing them into an 
external PROM with a PROM programmer. The ad- 
vantages of direct transfer are realized easily with just 
two transistors, a flip-flop and a few resistors, which 
connect a 2708/2704 PROM to the peripheral interface 
adapter (PIA) used in systems based on the 6800. The 
required programming can reside in the system 
monitor or in any other areas designated by the user. 

The resident software (see listing) presents the 
address, data bits and the program pulse to the PROM 
through a 6820 PIA. Programming waveforms are 
created exactly as recommended by the PROM manu- 
facturer. After the address and data are set up, one 
program pulse per address is applied to the PROM’s 
program input (pin 18). One scan through all addresses 
constitutes a program loop. One hundred program 
loops are required as per the manufacturer’s data sheet. 

Before executing the program, the user must supply 
the starting address of the data source (RAM) and 
the starting and ending address where data are to be 
written (PROM), and must account for the data 
invert/normal option. The program terminates with 
an RTS instruction, which returns control to the 
monitor. 

Transistors T,; and Tz (see schematic) amplify the 
program pulse transmitted by the 6800 to a 26-V level 
for the 2708/2704 PROM. The 7474 flip-flop expands 
the word length of port A and provides ten address 
bits simultaneously to the PROM. Data bits are 
presented to the PROM through Port B of the PIA. 
CA» and CB, of the PIA are defined as outputs: CA2 
supplies the program pulse, and CB; provides the flip- 
flop clock pulse. 

The cost for all the additional hardware is about 
$3—a negligible amount when compared to the cost 
of a microprocessor development system. The circuit 
and software have been tested only with a 6800 
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microprocessor system and a 2708/2704 PROM. How- 
ever, any PROM should be programmable using this 
technique, if appropriate changes are made in the 
hardware and software. 

Victor Mathew and James Thomas, R&D Engineers, 
OEN India Ltd., Vyttila, P.B. No. 2, Cochin-682 019 
CIRCLE No. 311 


Kerala, India. 
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Simple Hall-effect tachometer measures 


rotational speeds directly in rps or rp 


A simple tachometer giving not only revolutions per 
second but also revolutions per minute can be con- 
structed using a Hall-effect switch, a frequency count- 
er (or oscilloscope), a battery, a load resistor, and a 
small bar magnet. 

Mounting the magnet on a rotating shaft so that 
it periodically comes close to the switch generates a 
square wave pulse, whose frequency is directly related 
to speed of rotation. The frequency counter gives a 
direct readout in rps—simply multiply by 60 to obtain 
rpm. 

Normally the Hall-effect switch is open (output is 
high). But when the switch is subjected to the proper 
magnetic pole, the output switches low. Connected as 
shown, the output swings clearly and distinctly from 
12 V to approximately 0 V. Such a swing should be 
more than adequate for most frequency counters. 

The counter used here, an HP5300A, has a sensi- 
tivity control that can be set until consistent readouts 
are obtained. 

In the original tachometer, which was built to 
determine the rpm of a submersed thruster propeller, 
the magnet is epoxied to the thruster shaft. The Hall- 
effect switch is encased in RTV and cemented in place, 
with its leads brought outside the test tank for 
connection to the battery and frequency counter. 

The Hall-effect switch, available in local electronics 
stores, switches only in the presence of a magnetic 
South pole. North pole switches do exist, so the device 
spec sheet should be consulted to determine which 
magnetic polarity is required. 

Note that the bar magnet could unbalance the 
machine it is attached to. However, a few ounces of 
magnet are negligible compared to the large mass of 








the propeller. Furthermore, the magnet is located ¥%2 
in. from the shaft center line (the thruster propeller 
swings around a 138-in. diameter). Under these condi- 
tions, counter-balancing is unnecessary. 

An oscilloscope may be used instead of a frequency 
counter. The counter works satisfactorily to about 
2200 rpm while a scope proves superior at higher 
speeds. Note also that the pulse width derived from 
the switch decreases as rpm increases, and the 
HP5300A does not readout consistently with the 
thinner, high-rpm pulses. 


Rogert J. Decesan, Electronics Engineer, Hydro Prod- 
ucts, 11777 Sorrento Valley Rd., San nego, CA 92121. 
CIRCLE No. 313 





IFD Winner for December 20, 1979 


Bob Haver, Strategic Marketing Engineer, Motorola, 
SPG, Phoenix, AZ 85008. His idea “Current Capacity 
of Three-terminal Regulator Expands Fivefold” has 
been voted the Most Valuable of Issue Awards. 


Vote for the Best Idea in this issue by circling the 
number of your selection on the Reader Service Card 
at the back of this issue. 





SEND US YOUR IDEAS FOR DESIGN. You may win a grand 
total of $1050. Here’s how. Submit your IFD describ- 
ing a new and important circuit or design technique, the 
clever use of a new component or test equipment, pack- 
aging tips, cost-saving ideas to our Ideas for Design editor. 


Ideas can only be considered for publication if they are 
Submitted exclusively to ELECTRONIC DESIGN. You will 
receive $20 for each published idea, $30 more if it is voted 
best of issue by our readers. The best-of-issue winners 
become eligible for the Idea of the Year award of $1000. 





ELECTRONIC DESIGN cannot assume responsibility for circuits shown nor represent freedom from patent infringement. 
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Announcing the “Top Ten” 





The Electronic Design 1980 Top Ten 
Contest winning advertisements 
are displayed on the following pages. 


In 1980, as in the past, thousands of 
Electronic Design subscribers around the 
world tried to out-guess our Reader Recall 
Survey — Electronic:Design’s proven 
method of measuring readership. 


How the “Top Ten” were chosen. 


The number of readers who recalled having 
seen a given ad determined the winners. 
For each advertisement, points were 
totalled to determine ranking. 


Watch your mail. 


Right now, we’re determining which reader 
entries most nearly match this ranking. 
Meanwhile, you can page through the ads 
to see how you did. You could be a winner, 
perhaps of the Grand Prize — a Wind- 
jammer Cruise For Two and $1,000 Cash. 
Individual winners will be notified by mail. 





What makes an award-winning 
advertisement? 


As you will notice on the following pages, 
the winning ads combine well-written 

copy with superior design to achieve impact 
and memorability. 


Here are the “Top Ten” winners: 
. Advanced Micro Devices 
. National Semiconductor 
. Intel Corporation 
. Precision Monolithics 
. Dale Electronics 


. Guardian Electric 
Manufacturing Company 


. Intersil 


8. Standard Microsystems 
Corporation 


. American Microsystems 
. Garry Manufacturing 
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16K Speed Champ 








Streamlined performance 
is the whole point of today’s 
advanced bit slice computers. 
High speed. High density. 
High reliability. Now Intel 
delivers the 16K 3636, 
manufactured with our new 
Stacked Fuse Bipolar* process 
to produce the highest 
performance microprogram 
memory yet. 


Design for speed 
and comfort 

Our 2K x8-bit 3636 gives you 
four times the density of 4K bipolar 
PROMs with no speed penalty. 

The 3636's maximum access of 65ns 
makes it the ideal memory for fast, 
high density bit slice designs, as well 
as look-up table and other program 
store applications. 

Using the 3636 instead of 4K 
PROMs lets you reduce component 
count and microprogram board 
requirements up to 75%. By design- 
ing program store on the CPU board, 
you can even save up to a full board 
slot for I/O or other functions. 

For designs requiring extended 
temperature ranges, our 80ns military 
device, the M3636, is ideal. 

No matter what your application, 
you're certain to reduce power re- 
quirements. Power consumption per 
bit for the 3636 is only one fourth 
that of most 4K bipolar PROMs and 
only half that of most 8Ks. 

Whether you’re replacing 4K or 8K 
bipolar devices, the.3636 makes it 
simple. It’s packaged in the industry 
standard 24-pin DIP, so you won’t 
have to redesign in order to upgrade. 


ELECTRONIC 
DESIGN 


1980 TOP TEN 
ADVERTISERS 





And you can program the 3636 in 
seconds using Intel’s UPP103 or any 
standard PROM programmer. 


Our formula: 
Stacked Fuse Bipolar 


The most efficient way to improve 
speed characteristics of bipolar 
PROM’ is to reduce die size. Very 
simply, smaller geometries reduce 
capacitance, thus speeding access 
time. 

Intel achieved the 3636's high 
speed and dramatically smaller die 
size with a new “stacked” bipolar 
process. Stacked Fuse Bipolar 
combines Intel’s expertise in Large 


Stacked Polysilicon Fuse 





Intel's new Stacked Fuse Bipolar process 
allows a 30% reduction in the 16K cell size. 
This dramatic density improvement yields 
faster access speeds than ever before 
possible. The illustration shows the “stacking” 
of our polysilicon fuse over the diode instead of 
placing them side by side as in older designs. 


Scale Integration with dual layer 
metalization and polysilicon fuses. 
(See diagram.) The result is the 
highest density and performance 


ever in a 16K bipolar PROM. 
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Intel’s new 3636 bipolar PROM breaks the 16K speed barrier 
with 65ns access. It’s a victory for bit slice designs. 






Maximum 
Access 


Intel’s 3636 BipolarPROMs 
Time (ns) 


Typical Power 


Intel’s 3636 also means high 
reliability. We’ve already proven 
the producibility and dependability 
of Stacked Fuse technology with our 
3625A 4K bipolar PROM. Hundreds 
of thousands of these components 
are already in operation, including 
military versions for hi-rel applica- 
tions. In addition, millions of 
device-hours of tests with zero fuse 
failures confirm Stacked Fuse Bipolar’s 
reliability. Further details on Intel’s 


bipolar PROM reliability are found 


in our Summary Evaluation Report, 
REI, available on request. 


Get on the fast track 
today 

Our high performance 3636 is 
available now. To order, or for com- 
plete data and reliability information, 
contact your local distributor or 
Intel sales office. Or write Intel 
Corporation, Literature Depart- 
ment, 3065 Bowers Avenue, Santa 
Clara, California 95051. Or call 
(408) 987-8080. 


= | i ¢ 

Europe: Intel International, Brussels, Belgium. Japan: 

Intel Japan, Tokyo. United States and Canadian distributors: 
Arrow Electronics, Alliance, Almac/Stroum, Component 
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial 


Components, Pioneer, Wyle/Elmar, Wyle/Liberty, 
L.A.Varah and Zentronics. 


*Stacked Fuse Bipolar is a patented process of Intel Corporation. 

















CPMI Creates a Rosy 


New Variety of Analog Switches 


In the Linear Wonderland garden, one coat of 
BIFET covers a lot of CMOS whitewash 


In Lewis Carroll’s Wonderland, no one was more 
dreaded than the Queen. She dealt with anyone who 
crossed her path by ordering their beheading. The gar- 
deners on her croquet court (the Two, Five and Seven 
from a deck of playing cards) were well aware of 
the risks. 

“Would you tell me please?’ said Alice, a little 
timidly, “why you are painting those roses?” 

Two began, in a low voice, “The fact is, Miss, 
this here ought to have been a red rose tree and we 
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put a white one in by mistake. If the Queen was to 

find out, we should all have our heads cut off” 

In Linear Wonderland, engineers who pick their 
analog switches from the CMOS tree are often tempted 
to yell, “Off with their heads!” just as the Queen did 
when she found out her red roses weren’t really red. 
What brings out the executioner instinct in every engi- 
neer are the thorny problems with “ON” resistance and 
voltage overload typical of CMOS analog switches. 

When PMI decided to get into the analog switch 














market, we were determined not to lose our heads. So 
we looked at the best species of analog switches on the 
market and decided engineers would find them more 
attractive if they were grafted with PMI’s proven 
BIFET technology, the same process used in our prized 
Multiplexer variety of circuits. It wasn’t just a cover-up 
paint job, though; we started at the beginning and cre- 
ated something new: a family of Quad BIFET analog 
switches that fit the most popular CMOS pinouts but 
are more rugged electronically than CMOS can ever be. 

Consider PMI’s SW01/02/03/04. They’re Quad 
BIFET analog switches with temperature-compensated 
Ron coefficient (0.03%/°C), low Ron vs. voltage (~4%) 
and a low absolute Ron (100Q maximum at 25°C). 
That’s better performance than you get from CMOS, or 
even from the other BIFET switches on the market. In 
addition, you get low leakage (~0.2nA) and the 


protection against blowout that is inherent with PMI’s 
-BIFET technology. 


ATTENTION DG201 USERS! 





We didn’t stop there, however. We know that most 
engineers are as forward-thinking as the White Queen 


in Through the Looking Glass, who told Alice her favor- 
ite things are those that happened the week after next. 
We kept going and developed the 7510/7511 analog 
switches which were designed to be pin-compatible 
with the well-known CMOS AD7510/11. These also 
eliminate the static discharge sensitivity in CMOS de- 
vices, improve leakage currents over temperature by 
two to five times, and there’s no need for pull-up re- 
sistors to maintain TTL logic thresholds. 

All in all, we think we’ve got the most beautiful 
Analog Switch Tree anywhere in Linear Wonderland. 
To prove it, we’d like you to use the coupon for your 


“BLOOMIN’ SWITCH SAMPLE” 


You'll find out that those CMOS guys don’t have 
enough paint in their buckets to gloss over the-advan- 
tages of PMI’s Quad BIFET analog switches. The next 
time they try, you'll know what to say. 

“Off with their heads!” 

If someone beat you to the coupon, write to us for 
your sample. Or circle #201 for literature. 





SW01 —Normally ON, no disable. (Pin compatible 
to both DG201 and LF11201.) 
SW02 —Normally OFF, no disable. (Pin compatible 


to the LF11202.) 
SW03 —Normally ON, with disable. 
SW04  —Normally OFF, with disable. 


SW7510 —Normally OFF. (Pin compatible with the 
AD7510.) 

SW7511 —Normally ON. (Pin compatible with the 
AD7511.) 





Precision Monolithics, Incorporated 


1500 Space Park Drive 


® PM. Santa Clara, California 95050 


(408) 246-9222 TWX: 910-338-0528 Cable: MONO 


In Europe contact: 

Precision Monolithics, Incorporated 
c/o Bourns Ag 

ZUGERSTRASSE 74, 6340 Baar, Switzerland 
Phone: 042/33 33 33 Telex: 78722 
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Check the box for the “BLOOMIN’ SWITCH 


SAMPLE” you'd like to have. 


L) $SW01—Normally ON, no disable. CL] SW02—Normally OFF, no disable. 
LJ) SW03—Normally ON, with disable. (|) SW04—Normally OFF, with disable. 
C) $W7510—Normally OFF. C) $W7511—Normally ON. 

|am now using: (CL) DG201 CL) HI201 C) LF11201 C) LF11202 


Mail to: Precision Monolithics, Inc., 1500 Space Park Drive, 
Santa Clara, CA 95050 


or: Precision Monolithics, Inc., c/o Bourns Ag 
Zugerstrasse 74, 6340 Baar, Switzerland 
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Dale .156” Edgeboard Connectors 
give you extra freedom in matching 
body materials, mounting 
variations, contact plating 
and termination styles. 
Choose from double or 
single readouts, .140” 
or .200” row spacing, 6 to 25 
contact positions. Instant 
interchangeability with major 
connector manufacturers. 

Phone 605-665-9301 or Circle 350 
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Dale Thick Film Networks give you 
resistance that’s easy to handle, 
package and afford. Name 
what you need: DIP, 
flatoack or SIP styles 
.195” or .350” profile). 
They're ready in all 
popular schematics including 
the widest range of qualifications to 
MIL-R-83401. Thick film chip resistors, too. 
Phone 402-371-0080 or Circle 351 






DALE ELECTRONICS, INC., Box 609, Columbus, Nebraska 68601 





When timing is important Maturity where it counts 


Dale Clock Oscillators are ready Dale Resistors give you one-source efficiency 
from stock in a choice of prices | for the industry’s widest choice of commer- 
and profiles (as low as .200”). : cial, precision and E-Rel styles. Wire- 
Functions include complementary @ggaay aaa wound, metal film, coated, molded, 

output and enable/disable. All or | housed. We can deliver any 

have 14-pin DIP configura- — y resistance function you need 

tion and TTL compatibility. backed by the kind of quality 

Standard frequencies from “™ and effective technical support 

250 KHz to 25 MHz. Stability uo VY that can save you time and money. 

from .005% to 2.5%. Temperature Phone 402-564-3131 (wirewound), 
compensated styles also available. 402-371-0080 (metal film) 

Phone 602-967-7875 or Circle 352 or Circle 353 


The many faces of Dale. 


Get to know them better. DALE, 


A subsidiary of The Lionel Corporation IN CANADA: Dale Electronics, Ltd. IN EUROPE: Dale Electronics GmbH, 8301 Puchheim, West Germany 





Whose MCU does &-bit jobs on < 





AMI’s $2000 FAMILY, OF COURSE. 

With power packed into every square mil 
of its tiny frame, our mighty microcomputer 
family is saving the day everywhere you look. 
From industrial controls on one end of the 
spectrum to handheld games on the other, our 
4-bit wonder is proving to be as versatile as 
it is cost-conscious. 

No other low-end, single chip microcomputer 
family can handle the jobs Mighty MOS can. 
Controlling programmable thermostats for 
industry, pay-TV scrambler boxes, fuel gauges 
and instrument panels. Running washers, 
dryers, dishwashers, refrigerators and micro- 
wave ovens. And masterminding timers for the 
home that will turn on lights, sprinkler 
systems and security monitors. 

In one application after another, Mighty 
MOS 1s finding more holes in the competition 
than Swiss cheese. 


WHAT GIVES MIGHTY MOS THE EDGE? 

It’s not only powerful enough to take care 
of many 8-bit jobs. It’s also crafty enough to 
handle many things other 4-bit microcom- 
puters can't. 

Our tiny champion of oppressed engineers 
has a clear edge in I/O, with a choice of LED or 
fluorescent drivers; Touch Control; or direct 
drive of SCR and Trac. It has a 50/60 Hz timer 
or counter, zero voltage crossing to cut down 
damaging current surges, and a three-level 
subroutine stack. 

And Mighty MOS is the only 4-bit MCU 
supported by the Tektronix 8002A develop- 
ment system. That gives it more programming 
muscle, too. 
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MIGHTY MOS IS GROWING FAST. 

You can,erder.S2000s now with built-in 1Kx8 
ROMeand 64 4bit nibbles of RAM. And S2150s, 
with 1.5K bytes of ROM and 80:mbbles.of RAM. 


y 















































In afew months, three more Mighty MCUs will 
expand the memory even more and include 
features like analog I/O, interrupts and table 
look-ups. One of them will be a CMOS 
version that can do a lot with very 
little power. When they come flying in, 
youll find it easy to upgrade your 
system, adding even more power and 
“ee without adding much cost. 
ecause all parts of our family 
software are upward compatible. 
So let Mighty MOS stretch your 
4-bit budget. Just get in touch with 
your nearest AMI sales office. California, 
213) 595-4768 and (408) 738-4151; 
Florida, (305) 830-8889; Illinois, 
(312) 437-6496; Indiana, (317) 773- 
6330; Massachusetts, 
617) 762-0726; 
Michigan,(313) 478- 
9339: = 








™ New York, 
a 914) 352-5333; 
'— ~~ Pennsylvania, (215) 
643-0217; Texas, (214) 
231-5721; Washington, (206) 

oe 687-3101. Or contact AMI S2000 
Marketing, 3800 Homestead Road, Santa Clara 
CA 95051. Phone (408) 246-0330. 

YOU'LL FIND IT ISN’T HARD TO BEA 
HERO WITH MIGHTY MOS ON YOUR SIDE. 


CIRCLE NUMBER 63 


AMI 


AMERICAN MICROSYSTEMS, INC. 
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Need a stroke of an inch-and-a-half... — BOX-FRAME SOLENOIDS with Uni-Guard® 
or just one thirty-secondth? Need pul 3 I] molded bobbin and coil covers...mechan- 
of 50 pounds...or just a fraction of anounce? ee, te ical life measured in millions of cycles. 
AC or DC? Intermittent or continuous duty? Pull d Se 


or push? Box-frame, U-frame, laminated or | ——— U-FRAME SOLENOIDS for minimum cost 
tubular? Recognition under the component pro- 6 with high reliability... most with Uni- 


A ’ : ye 
gram of Underwriters’ Laboratories, Inc. : Guard® II molded bobbin and coil covers. 


Guardian’s got ’em all. And each features a EE 
meticulous craftsmanship . . . true engineering “=> LAMINATED SOLENOIDS in AC only for 


genius. (Inspired, of course, by your very own more “pull over 4 lonser stoke than DC 


oe <2 _ solenoids of the same size...many with 
SEND FOR CATALOG. a cm ~¥ Uni-Guard® molded polyester coil covers. 


TUBULAR SOLENOIDS in your choice of 


premium quality long life of up to 100 
million operations or more... or traditional 
tubulars with an expected life of a million 
operations plus. 


® SOLENOIDS IN MORE TYPES...WITH 
GUARDIAN” “sennetena an 
ANYONE ELSE IN THE WORLD. 


GUARDIAN ELECTRIC MANUFACTURING COMPANY e 1550 West Carroll Ave., Chicago, Illinois 60607 e 312/243-1100 
CIRCLE NUMBER 64 

















LM335—hot 
new linear 
temperature 
sensor. 


LM359 
amplifies on 
current 
amplifiers. 
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NATIONAL ANTHEM 


No. 


SEMICONDUCTOR NEWS FROM THE PRACTICAL WIZARDS OF SILICON VALLEY 
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Dan Sowin 
talks about 
Maxi-ROMs. 


Mil-temp 
PROMs for 
the masses. 


Taltsiaceters 
Custom Circuits 
Microcomputers 
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Hybrids —_ Linear 
Transducers — Displays 
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Bubble Memory 
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NATIONAL ANTHEM 


- —LM335-the hot 
new temperature sensor 


that makes others obsolete. 


Whether you're designing measure- 
ment control, protection circuitry, solar heat- 

. ing, environmental control or thermostats, 

| National's new series of temperature sensors 
have a lot going for them. 

At only 956, it's time to start sensing 
temperature with I.C’s. 7A 

















And since ifs so easy to 
use and costs so little, the LM335 
opens a whole new world of 
applications that were previously foo | 
expensive or too difficult. A 












The LM335 is a two terminal |.C. that 
looks like a zener with a +10mW/K tempera- 
ture coefficient. The LM335 is rated for oper- 
ation over —55°C to +100°C, and has an 
over-range up to + 200°C. Initial accuracies 
are available at 1°C, 3°C, 6°C; but a third 
lead makes the LM335 very easy fo calibrate. 
Typically, 1°C accuracy is achieved over the 
entire range when it's calibrated at only one 
temperature. 

The low operating current means low 
error even for remote temperature measure- 
ment. Further, the LM335 eliminates the 
need for linearizing circuits, thus making 
interfacing to a readout or to control circuitry 
even simpler still. 

















Calibrated 
Sensor 


V+ 





OUTPUT 10mV/°K 


New LM385 12uW micropower reference. 


The lowest 
power 














reference 
available. 


LM385 Design Features 
— Operating current of ]OuA to 20mA 
—1%and 2% initial tolerance 
— low voltage reference (1.235V) 
— stable under large capacitive loading 
— low temperature coefficient 
— low noise, good long-term stability 
—] dynamic impedance 
— replaces older devices with a tighter 
tolerance 

The new LM385 is yet another example 
of National Semiconductor's commitment 
to supply high-performance references. 
Where power is a primary concern (as in 
battery-powered equipment, portable meters, 
or general-purpose analog circuitry with 
battery life approaching shelf life), this device 
provides performance unmatched by tradi- 
tional discrete devices. 








For applications requiring other refer- 
ence voltages or performance specifications, 
National Semiconductor has the device 
youre looking for. For example: 


Vref 2.5V; 5.0V; 6.9V; 10V 
Initial Tolerance as lowas .01% 


TCmax as low as 0.5 ppm/°C 


Is it any wonder that more and more 
design engineers are looking to National 
Semiconductor's linear references to solve 
problems. | “A 


Regulators 


DVMs D/As 





A/Ds Op Amps 


Power Supplies 


Amplifying on current amplifiers: 


0.5 pF 


0.01uF 


eIN 


Typical 
Application = 


When design engineers said they needed 
a low-cost dual that was similar to the quad 
LM3900, but with operation in the video fre- 
quency range, the R&D Group at National 
Semiconductor came up with the answer. It’s 
the LM359 Dual, High Speed, Programmable, 
Current Mode Norton Amplifier. 

The primary design emphasis was placed 
on high frequency performance and provid- 
ing user-programmable amplifier operating 
characteristics. 

Each amplifier is broadbanded to provide 
a high gain bandwidth product, up to 









400Mt7z fast slew rate, GOV/usec and stable 


operation. They re designed fo operate from 
a single supply and can accommodate input 
common-mode voltages greater than the 
supply. ' 
The LM359 solves a lot of applications 
problems: general purpose video amplifiers; 


Nat ional’s new LM359. 





= ae 


high frequency, high Q active filters; photo- 
diode amplifiers; wide frequency range wave- 
form generation circuits. 

Now design and application engineers 
have what they need, thanks fo National 
Semiconductor. ZA 











“When it comes to Static Maxi-ROMs, 
National Semiconductor is easy to do busi- 
ness with. In fact, the word around the 
industry is that National is just about the 
easiest company to do business with. 

“It's not just that we have an outstanding 
line of products — 2K x 8 bits, 4K x 8 bits, 



























001 (J BLC 8737 Data Sheet 

006 LJ Special Functions Data Book 
($6.00) 

007 C Interface Data Book ($6.00) 


008 LJ Pressure Transducer Data Book 
($3.00) 


009 LJ ROM MM 52116 Data Sheet 


NAME 
TITLE 
COMPANY. 
ADDRESS 





cs 
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“National is 
throwing its full sales and support 
strength behind its 
Static Maxi-ROM effort.’ 


and 8K x 8 bits. | think it's the fact that cus- 
tomers have come to realize, in ever -increas- 
ing numbers, that when they deal with 
National, they can order with complete confi- 
dence. All they do is submit their loaded 
PROM, sit back, relax, and their ROMs are 
delivered when they need them. 

“National has a number of sales offices 
for customer convenience and a wealth of 
customer service personnel to handle orders 
quickly and smoothly. 

“And to be quite honest about it, National 
is making an all-out push to dominate this 
marketplace. Obviously, that goes a long way 
toward explaining their outstanding prices, 
delivery schedules, and service. 

“They're aggressively pursuing new busi- 
ness in a lot of different markets — for exam- 


ple, terminals, computers, home computers, 


mini-computers, instruments, toys and 
games, and word processing, fo name 
but a few. 

"So when you need Static Maxi-ROMs, 
call your local National Semiconductor sales 
Office. If they cant help you, no one can: 






Dan Sowin 
Director of MOS/LSI 


me EE GS SS 
What's new from the National archives? 


010 LJ ROM MM 52132 Data Sheet 

011 (J ROM MM 52164 Data Sheet 

015 LJ MST Program Brochure 

016 LJ LM159/LM359 Data Sheet 

017 LJ LM185/LM285/LM385 
Data Sheet 

~ 018 LI LM135/LM235/LM335 

Data Sheet 


Enclose check or money order based upon appropriate currency. Make checks 
payable to National Semiconductor. Allow 4-6 weeks for delivery. 


ZIP 
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Full Mil-temp 
2716 ready at 
National 
Semiconductor. 


There's good news for design and appli- 
cations engineers who require full military 
temperature range. 2716s. National Semi- 
conductor now offers the part over the full . 
military range, for all military and industrial 
applications — and it’s available now. 

The MM2716QM is a 2K x 8 WV elec- 
tronically programmable read only memory 
(ROM) in industry standard pin-outs, fea- 
turing a single +5V power supply and a guar- 
anteed operating temperature range of 
—55°C to +125°C. Maximum access time 
is 450 ns. 

This new National Semiconductor prod- 
uct is used in support of their BLCs and 
microprocessors. It is also programmable 
using Starplex™ And it is designed and pro- 
duced especially for military and extended 
temperature industrial systems where the 
extra margin of a full temperature part is 
needed. 

The MM2716QM is functionally com- 
patible with other existing 5V only 2K x 8 
EPROMs. National Semiconductor is the first 
to make this product available in the full 
military temperature range — and it's stocked 
and ready for immediate shipping. 

With National Semiconductor being the 
first to offer a full military temperature 2716, 
people will soon be talking about them as 
the source for MOS military EPROMs. 

The Practical Wizards of Silicon Valley 
have done it again. 7A 






019 LJ New BLC-8222 Double | 
Density Floppy Disc Controller 
Data Sheet : 

Q20 [1 MM 2716M Data Sheet 

For desired information, mail coupon to: 

National Semiconductor Corporation 

2900 Semiconductor Drive 

Mail Stop 16250 

Santa Clara, California 95051 

In Europe, Mail coupon to: 


National Semiconductor GmbH 
Industriestrasse 10 

8080 Fuerstenfeldbruck 

West Germany 


National 


Semiconductor 
The Practical Wizards 
of Silicon Valley. 
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“THE 8086 IS 
HERE TODAY!” 
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Well, Intel’s still out there shouting about the 
8086. Still making lots of claims, still running 
pages and pages of advertising, still forgetting 
to mention one little fact: 

The 8086 isn't the best 16-bit CPU. 

The AmZ8000 is. 

The AmZ8000 has a more advanced, more 
powerful, much more flexible architecture 
than the 8086. It has more addressing modes, 
more general purpose registers, more powerful 
instructions. It can even accommodate more 
data types. It has better I/O capability, larger 
addressing spaces, and a lot higher through- 
put using standard NMOS, than the 8086 
using HMOS. 


174 


What about availability? Were shipping pro- 
totype quantities right now. 

What about support? Glad you asked. 

Our new System 8/8 was designed especially 
for the AmZ8000. It beats Intel’s development 
system hands down. 

System 8/8 can be directly upgraded to a 
16-bit system by changing one card. Intel’s 
cant. System 8/8 can translate 8080/8085 
and Z80 programs. Intel’s can’t. System 8/8 
has a PASCAL compiler that produces object 
code for the 8080 and AmZ8000. Intel’s doesn’t. 
System 8/8 comes with 8080/8085, Z80, and 
AmZ8000 macroassemblers. Intel’s doesn’t. 
System 8/8’s in-circuit emulators include, in 
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“So is the AmZ8000. 
And it’s better?” 





addition to the AmZ8000, the 8080, 8085, 
8048, and the Z80. Intel’s doesn’t. And we let 
you buy our System unbundled. 

To demonstrate the capability of the 


AmZ8000 we developed a fully assembled and 


tested Evaluation Board. It’s got the AmZ8002 


CPU on it, along with RAM, EPROM, and I/O. 


It plugs right into System 8/8 and can execute 
the assembler or PASCAL object code. Ask for 
it by name: AMC96/4016. 

Just one more thing: We knowit hurts to drop 
Intel for somebody else. We've been through it 





ourselves. But it’s going to hurt a lot more next 
year. By then your competitors could be so far 
ahead of you, you might never catch up. 

Call Advanced Micro Devices and welll send 
you everything weve got on the AmZ8000. Or 
come to one of our seminars. Or sign up for a 
course on the AmZ8000. 

Better yet, buy an AmZ8000. Check it out 
for yourself. Put it through its paces. Compare 
it with the 8086. | 

Intel can beat their chests all they want. 

But they can’t beat the AmZ8000. 


Advanced Micro Devices ct 


901 Thompson Place, Sunnyvale, CA 94086 
CIRCLE NUMBER 66 


ELECTRONIC DESIGN 8, April 12, 1980 


175 





ELECTRONIC 
DESIGN | 
1980 TOP TEN 


ADVERTISERS 











Sorry Doc. Its custom MOS/LSI. 

Match-making is a little out of our line. But we have 
come up with quite a few original creations. For custom 
MOS/LSI circuits. 

Over the past couple of years, in fact, we’ve designed 
and built well over 100 dif erent custom LSI circuits for 
America’s leading companies. In every field, from data 
communications and computer peripherals to business 
machines, avionics and entertainment. 

A leader in creating new MOS/LSI technology, we 
pioneered high performance n-channel silicon gate 
devices with our patented COPLAMOS® technology. 
We also introduced another technological break- 
through that’s fast becoming a buzzword inthe industry. 
It’s called CLASP® which stands for COPLAMOS 
Last Stage Programmable. 


With CLASP we can complete all of the wafer 


When the Doctor heard we were 
famous for our custom work, 


he wanted to order a bride for Frankie. 


| 








processing steps including metalization before defining 
the bit pattern for read-only-memories. 

Standard Microsystems provides a total capability. 
We design, develop, process, assemble and test state- 
of-the-art MOS/ LStci circuits. That means we can 
design from scratch, or enter the custom cycle at any 
point you want. And assisting us at every Step is the 

test computer-aided design and diagnosticequipment. 

So, whenever you need custom LSI, cometo Standard 
Microsystems for your own special creation. 


STANDARD MICROSYSTEMS 
CORPORATION 


35 Marcus Blvd., Hauppauge, N.Y. 11787 
(516) 273-3100 TWX-510-227-8898 


We keep ahead of our competition so you can keep ahead of yours. 
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INTERSIE 


INSIGHT 





THIS IS 


ISSUE OF 
THE NEW 











INTERSIL 
INSIGHT. 


We think you'll find it’s the 
last word in what's new and 
important in linear inte- 
grated circuits, memory and 
microprocessor systems, 
data acquisition systems, 
power MOS devices, display 
drivers and more. Whenever 
you see an item that catches 
your interest, just check the 
appropriate number on the 
coupon on the back page for 
more product data. We call it 
the You Got Me! coupon. Be 
sure to check it, clip it, and 
send it in. Because at Intersil, 
we have answers. 











“Never confuse 
motion with  , 
action? 


Wh 


For our 
Ben Franklin Se 
poster & 
check 01. 












Alone or with 
@ 
Terminal. 

Our microprocessor-controlled Model 
6920 CMOS EPROM programmer is de- 
signed for use with the IM87C48/C41 single 
chip microcomputers and IM6653 (1K x 4) 
and IM6654 (512 x 8) CMOS EPROMs. And 
there are provisions for up to three addi- 
tional types of CMOS EPROMs provided in 
the hardware. The 6920 operates with a 
terminal, as a stand-alone unit, or as a 
peripheral to a computer. It features 
built-in RS232C and 20mA current loop 
interfaces. And 14 different baud rates 


from 50 to 9600 can be selected. Check 
02 for more on the 6920. 
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Counter 
Direct 

Drives LEDs 
Uptol"Hign. 


The 1CM7217/27 family of 4-digit up/ 
down counters will directly drive large multi- 
plexed 7-segment LED displays. Either 
common anode or common cathode. The 
common anode devices typically drive 
200mA per digit, 40mA per segment peak 
for bright displays. Or, go common cathode 
and use a calculator type display for lower 
power and display costs. Either way, forget 
external drivers or resistors. Features in- 
clude: Presettable up/down counter and 
register. BCD inputs/outputs that drive TTL 
directly. Leading zero and display blanking. 
Low power standby mode— 300A typical 
with display off. Cascadable: 8 or more digits 
in blocks of four. Counting speed guaranteed 
to 2MHz. Single--5V 10% supply. Check 03. 
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Il eres anew high-performance equiva- 
lent to the classic 555 RC timer. The ICM/555 
general purpose timer features a typical 
power supply current rating of only 80uA. 
Thats less than 1/20th required by its 
bipolar counterpart. We guarantee an 
expanded high speed operation to 500KHz. 
Thats a five times improvement over the 
industry standard 555! The new Intersil units 
last longer, use less current and havea 
widened supply voltage range of 2 to 18V. 
ideal for applications impossible with the old 
4.5V bipolar 555s. Check 04 on the You Got 
Me! coupon. 





OS e 
Instrumentation 


Amplifiers. 





AA monolithic instrumentation amplifier 
with a unique commutating auto-zero design 
circuit principle. The ICL7605. While one op 
amp is in a signal processing mode, a com- 
panion device is switched into an error-null 


configuration. The result: lower cost and 
better performance. With near-zero offset 


voltage temperature drift of only 0.05 uV/°C. 


Long-term input offset drift of 0.2 uV/year. 
Open loop gain of greater than 105dB. 5pA 
input leakage current. And common mode 
rejection ratio (CMRR) of 110dB. CMOS con- 
struction fits low power requirements. It’s 
the best low drift instrument amplifier that 
you can buy. And it only costs $15 in lots of 
100. Check number 05 on our You Got Me! 


coupon. 








12-BIT A/D 





FAlere’s the first +12-bit monolithic 
A/D converter chip targeted for a wide 
variety of microprocessor applications, 
with a $10 price tag in 100 unit quantities. 
The CMOS ICL7109 features a three- 


_ state output that can be directly inter- 


faced to the data buses of microproces- 
sors such as the Intersil 6100 or IM87C48, 
the Motorola MC6800 and the Intel 8080 
and 8048. And it can be used for remote 
serial data logging applications. Just 
check 06 on the You Got Me! coupon for 
more info. 











INlew Intersil 1H6116/IH6108 multi- 
plexers are pin-for-pin replacements for the 
industry standard 16 and 8 channel MUXS 
youre probably using now. But, they offer 
the low power, low error performance of 
Intersil’s latch-up proof CMOS process. 
They draw a maximum supply current of 
0.2mA.And they consume only about 1/10 
the power of their nearest competitor: 
4.5mW Max., at =15V. That means virtu- 
ally no self-heating. ..leakage current of 
0.2nA @ 25° doesn’t change as the device 
“warms up. You get the lowest power con- 
sumption and lowest leakage in the business. 
Just check 07 on the coupon. 


HIGHEST SPEED 
LOWEST POWER 
ANALOG 
SWITCHES ON 
THE MARKET. 


ton8Ons typical and to,,50ns typically 
characterize the ultra-fast switching times of 
the 1H5140/IH5145. In fact, they're the fastest 
switches available! (They toggle at better 
than MHz.) And they combine the speed of 
the hybrid DG180 family with the inherent 
reliability and low power consumption of 
CMOS construction. The new switches are 
available in single or dual SPST, SPDT, or 
DPDT functions and feature power supply 












currents of lex fan nA Max. Check 08. 


And be sure to check into our entire family _ 
of analog switches.Frommonolithicsto |_ 


“CONVERTER: 





hybrids, Intersil has the answers. 


“SWITCHING er TSTCRCUT 
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: | ACMOS é-BITIC A/D 
$22 


. F- again! A true 1€-bit A/D converter 


1 “in IC form. It$ called the 1CL7104/8068 chip 
pair, and it specifically intended for micro- 


| | processors. Its interface capability allows it to 


ton=100ns 
tore /5ns 
tontore=10ns 
T= +25°C 
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You get more efficient operation and 
fully characterized maximum ratings in our 
new IVN5200 family of VMOS power FETs: 
BOV BVpss_ SA Ipjony, 0.52Rps ony Max. Ideal 
for high frequency switching power supplies, 
servo amplifiers, motor controls, high level 
analog switches...you name it. And the 


IVN5000 series of 2.52to 4.022 devices. IVN- 


5000 specs: 80V BVp<, 2.52Rp<,on, Max. 
Choice of packages including TO-52 and 
TO-237. Great in applications such as 
peripheral interfaces and RF amplifiers. 
Plus, an alternate source for the Siliconix 
VN series. Check 09. 
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_be used with virtually all microprocessor sys- 
| tems with buses up to 18 bits wide. And the 
| high performance, low noise A/D chip set 
_| will operate in either close-in parallel or 


ICL 7104-16 


16-BiT A/D 
CONVERTER CHiP PAIR 


LOWEST VOLTAGE IN THE 
INDUSTRY WITH CMOS OP AMP 
FAMILY. 


lleres a unique approach to circuits 
where ultra-low input current and minimum 
power consumption are essential para- 
meters. The new ICL7611 family of CMOS 
Op Amps. Low voltage operation is guar- 
anteed at + 0.5V (the lowest in the industry) 
to +8.0V, while providing output swings 
to within a few millivolts of the supply 
voltage rails. And they're capable of single- 
ended operation from a single NiCd bat- 
tery. A novel quiescent current selection 
pin allows the user to program currents of 
1mA, 100uA or 10uA, without external 








handshake modes. There’ more. 16-bit binary 


_resolution is 1 part in 65,536. Maximum 


non-linearity is 1 count over = full scale. 


_ Resolution (10 uV per count. Voltage noise 


~2 uM, True auto zero. Zero drift 0.5 uV/°C. 
Full-scale Tempco 2ppm/°C (ext. ref.). Ratio- 


metric operation. Direct interface to any uP 


or UART. Check 10. 






3-STATE, BYTE ORGANIZED 
OUTPUTS FOR DIRECT INTERFACE 
WITH YOUR uP 





components. That means a power drain as 
low as 10 uW. Input currents of 1pA are 30 
times lower than those of BiFETs. And the 
other parameters are just as impressive. 

The ICL7611 family devices are available 
as singles, duals, triples, and quads in inter- 
nally-compensated or uncompensated con- 
figurations. For the rest of the specs on 

the lowest voltage op amps in the industry, 
check 11. 
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| all in one. It 


The | ICM7216 Universal 








The ICM ieGavecic Counter oa 
is of a frequency ratio 


: _ frequency counter and time interval counter © 


Lo , es off a single ae a errors. Check coupon 14. 
supply, can function: | at seni ier up to” 


es . 
7 Handbook . 
1 check 16. 
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Low Cost Digital Panel Meter Design 
(#4A023). This “how to” piece gives a full 
run-down on ICL7116/7117 3 digit A/D. 


converters with display hold. Also tells 
about the two evaluation kits you can get. 
For more information check 13 on the 


coupon. 


The ICL7104: A 16-Bit Binary A/D Con- 


| verter for Microprocessors (#A030). 
| Ahandy app note if you're interfacing with 
_UARTs, microprocessors or other com- 
_ plex circuitry. Includes descriptions of hand- 
| shake mode, buffer gain, auto-zero, external 


zero and detail on auto-zero loop residual 


| cmos: Higher Speeds, More Drive 
| and Analog Capability Expand Its 


| He : 
sees drive both tie and ee 


An important 10-page article 


| reprinted from Electronic Design magazine. 
_It’sa real eye-opener for anyone who still 
| thinks CMOS must be confined to the slow 
world of 100KHz digital = Check 15 
eB oe the coupon. © 





For our new 
Timers, Counters, 
Display Drivers 


























joan Borst is doing 5to100na bum wrap. 


\ 





Wee Taksaleltloalicme-|] <cloaolerlaavmllacincrlehermeclale(-lanlalatch alc 
toa faulty wire wrap; we’d have given her a complete selec- 
tion of quality services and products. 


She could have bought our wire wrapping* (the best in the 
Tale le hsium’a mms alour@e]6] (em at-h', om ele) 0 le) ahmme)0 |g ele}-| 0 \-wae]ei anal -t-[e (<1 acy 
our racks, or the complete package. From LSI adapter 
boards through microprocessors to ECL logic boards, from 
8 pin header sockets to LED display sockets. 

Garry is the largest privately owned swiss screw machine 
. house and manufacturer of IC socket headers and plugable 
“a wire wrap boards in America. We sell not only coast to coast 
but throughout Europe and the Far East. 

Get all the details. Write for our new 48 page catalog. Garry 
Manufacturing, P.O. Box 94, New Brunswick, N.J. 08902. 


*Registered trademark of Gardner-Denver Co. 
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‘We won't pina bum wrapon you. 


Garry 
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Modem-and-telephone-in-one 
simplifies data-comm setups 


Racal-Vadic, 222 Caspian Dr., Sun- 
nyvale, CA 94086. (408) 744-0810. P&A: 
See text. 

The VA103 ModemPhone combines 
a full-duplex Bell 103/113-compatible 
modem for direct-connect origi- 
nate/answer with a standard tele- 
phone to yield a compact device that 
performs functions previously requir- 
ing two separate instruments. A user 
simply plugs the ModemPhone into a 
standard telephone-company voice 
jack (RJ11C) or programmable data 
jack (RJ41S or 45C), connects a data 
terminal and starts communicating. 

With data terminals becoming 
standard desktop equipment in offices, 
plants and homes, eliminating a sepa- 
rate modem box makes a smaller, more 
attractive installation. Also eliminated 
is the need to rent a separate telephone 
instrument for use with a modem, 
which should prove a substantial cost 
saver. 

ModemPhone provides both voice 
and 0 to 300-bit/s, full-duplex data 
communications. A standard ITT rota- 
ry or tone telephone is used, with all 
modem circuitry mounted on a17.5-in.? 
PC board inside the case. The modem 
itself is custom-designed and min- 





Harold Winard 
New Products Editor 
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iaturized to fit within the telephone. In 
addition, the phone’s bell has been 
replaced with a solid-state buzzer to 
allow room for the modem board. 

Voice, originate or answer modes of 
operation can be selected via a three- 
position slide switch on the Modem- 
Phone’s handset. In addition, the unit 
is equipped with an 8-ft cable and plug 
for connection to telephone-company 
lines. A 25-pin connector on the instru- 
ment accepts an RS-232C interface 
from a terminal. A visual carrier-de- 
tect indication is supplemented by a 
ringing sound. 

ModemPhone directly replaces Bell 
103A/103J and 113A, B, C and D 
modems. A manual model can be 
factory-upgraded to an automatic ver- 
sion. In addition to operator-controlled 
originate/answer, the option offers 
such features as loss-of-carrier and 








abort-timer disconnects. And while 
DSR is forced on in the manual answer 
or originate modes, with the automatic 
option, DSR follows Carrier Detect, 
Automatic Answer in Voice Position 
and Force Data Terminal Ready On. 

Four basic ModemPhones can be or- 
dered with rotary dial or tone key- 
boards. All models have TTY (20-mA 
current loop) capability using a Racal- 
Vadic 880 adapter. A UL-listed power 
supply is built-in, and a standard white 
telephone instrument is supplied. 
However, on volume orders, special 
colors are available. 

ModemPhone costs $250 in single 
quantities and less for larger orders. 
The automatic originate/answer op- 
tion is offered for an additional $80. 
Delivery takes eight weeks after re- 
ceipt of order. 
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Grayhill 








Now 
available 


totally 
sealed -s 


i. 


including a 
sealed base 


without price premium 


Maximum seal integrity 

Each Grayhill SPST DIP switch now is 
potted as part of the assembly process, 
to provide a more professional and 
economical bottom seal. Flux entry 
during wave soldering is totally pre- 
vented; contamination is eliminated; 
reliability is enhanced; and prices are 
unchanged. ..there is no cost premium 
for this improved performance. 


Top-side sealing, too 

Grayhill offers 3 options, for raised or 
recessed rockers—a tape seal, applied 
at Grayhill; cards of tape seals, for 
your application; or re-usable protec- 
tive covers. 


Available off-the-shelf 

Grayhill SPST Sealed Base Rocker 
DIP Switches,with from 2 to 10 
rockers, are available off-the-shelf, 
from Grayhill or its nationwide dis- 
tributor network. 


Ask for free DIP Switch Catalog. 


Geeayhill 


561 Hillgrove Avenue ¢ LaGrange, Illinois 60525 
(312) 354-1040 
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Demultiplexer holds down 
idle channel noise 


Precision Monoltthics, Inc., 1500 Space 
Park Dr., Santa Clara, CA 95050. (408) 
246-9222. P&A: See text. 

Instead of getting an analog multi- 
plexer to operate in reverse as a de- 
multiplexer—something most multi- 
plexers are not optimized to do—a 
better alternative is to start out with 
a device designed specifically to de- 
multiplex. And that’s what the 
DMX-88 is designed specifically to do. 

The analog switches of the 8-channel 
DMX-88 are designed to keep the 
charge injection on the demultiplexed 
outputs to no more than 25 pC and to 
18 pC, typically. As a result, the 
DMX-88 can be used in shared-channel 
PCM decoder applications, where idle- 
channel noise must be kept as low as 


possible. 
Fabricated from PMI’s BIFET tech- 
nology, the DMX-88 uses JFET 


switches and maintains a low, constant 
on-resistance—typically 290 Q. In addi- 
tion, it does not suffer from the latch- 
up or static charge blow-out problems 
plaguing CMOS parts. Furthermore, 
CMOS devices, when used in reverse, 
inject a much larger charge into the 
output amplifiers than BIFET devices 
do and thus cause much larger offsets 





and apparent channel noise at the out- 
puts. ) 

Basically, the DMX-88 has the same 
pinout as the PMI MUX-88 multi- 
plexer. Housed in a 16-pin hermetic 
DIP, the demultiplexer comes in two 
versions: the high-speed DMX-88E 
(400-2 max on-resistance) and the low- 
power DMX-88F (520-2 max). Requir- 
ing no pull-up resistors to operate in 
a break-before-make fashion, the 
eight-channel unit has a typical break- 
before-make delay of just 1 us. It also 
has an output settling time of 1.7 us 
for a 10-V step (the F version) and a 
range of 1.3 to 2.3 ws, depending on the 
settling tolerance—0.1% to 0.02%, re- 
spectively (the E version). Typical 
crosstalk isolation at a frequency of 20 
kHz is kept to 96 dB, typically, while 
the off isolation is typically 88 dB. 

The E version typically switches in 
just 1 us, and requires at most 300 mW. 
The F version switches in 1.5 ws and 
requires 225 mW. Both operate over 
—25 to +85 C and require +15-V sup- 
plies. 

In 100-qty lots, the DMX-88F costs 
$6.75; the DMX-88E, $7.85. Delivery is 
from stock. 

CIRCLE NO. 302 


ELECTRONIC DESIGN 8, April 12, 1980 


Hybrid optoreceiver gives 
broad bandwidth, low noise 


Meret, Inc., 1815-24th St., Santa 
Monica, CA 90404. John Keating (213) 
828-7496. P&A: See text. 

An optical receiver, constructed on 
one specially designed hybrid sub- 
strate and housed in an open TO-5 
metal can, provides an unusually broad 
bandwidth along with high sensitivity 
and extra protection from shock and 
vibration for low cost. Developed by 
Meret and introduced at the Nepcon 
West Packaging show in Anaheim, CA, 
the R-1900 optical receiver is well- 
suited to open-air as well as fiber-optic 
transmissions. 

The total rms noise of the R-1900 is 
less than 100 wV over the entire 
bandwidth of the device, which is 100 
MHz. The noise-equivalent power of 
the optical receiver is 2 X 10-12 W/ 
/ Hz. Not only that, but the noise 
voltage approaches the theoretical lim- 
it of the Johnson noise in the internal 
feedback resistor of the _ trans- 
impedance amplifier. 

Responsivity in the receiver is 0.6 
uA/uW for the p-i-n photodiode detec- 
tor, 2 mV/yA for the transimpedance 
amplifier, and 1 mW/xuW for the com- 
plete receiver package. The R-1900 is 
so sensitive that it will respond to 
signals from a penlight flashed across 
a 15-ft room, as well as to a number 
of other open-air optical transmissions 
within the 400 to 1100-nm wavelength. 
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Constructing the R-1900 on one 
hybrid substrate makes the Meret op- 
tical receiver much more reliable than 
similar devices. Optical receivers with 
the sensitivity of the R-1900 normally 
incorporates two substrates inside the 
TO-5 package. The problem is, in addi- 
tion to increasing the source of current 
noise in the receiver package, a two- 
substrate design frequently strains the 
interconnections between substrates. 
The single-substrate design, in con- 
trast, will not add strain to connections 
between diode and amplifier chips. 

The R-1900 is an extension of Meret’s 
movement toward integration that 
began with the company’s R-1000 
optical-receiver package. Like the 
R-1900, the R-1000 now employs a sin- 
gle substrate design. It differs from the 
R-1900, however, in offering a.much 
higher—300 times higher—gain, but at 
the expense of bandwidth and noise. 

The responsivity of the R-1000 diode 
is 0.6 wA/uW, 600 mV/yuA for the 
transimpedance amp, and 300 mV/uW 
for the entire receiver package. The 
bandwidth, however, is limited to 0.25 
MHz. The rms noise is 150 nV over the 
bandwidth and the noise-equivalent 
power is 6 X 10-!3 W/V Hz. 

The R-1900 optical receiver costs $99 
in quantities of ten; the R-1000, $71. 


Delivery for both is from stock to six 


weeks. CIRCLE NO. 316 
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Information. Yours for the asking. equipment, commercial, military 

A complete library of technical infor- and business machine markets. 

mation to keep you current with Brand-Rex developed proprietary 

electronics wire and cable. products that are now standard 
This represents state-of-the-art | problem solvers for the electronics 

solutions to everyday wire and cable _ world...in awide range of wire and 


thermal or electrical requirements. 
Brand-Rex meets the toughest 
standards in the industry. All prod- 
ucts are UL-listed. Many have joint 
UL, CSA recognition and are “OSHA 
acceptable.” And they are MIL-Spec. 
Wire and cable problems. We've 
got the solutions all wrapped up and 


problems. And they represent the cable types and constructions. We 
State-of-the-art wire and cable provide our customers a single 


company, Brand-Rex. “one-stop” supply source. And give waiting for you. In these state-of-the- 
Brand-Rex is the largest and design engineers one product line art brochures. Fill in the coupon, and 

most diversified wire and cable sup- that achieves maximum performance wewill send you the ones you need 

plier to the computer, peripheral without compromising physical, ... free. 


BRAND-REX ELECTRONIC 
PROBLEM SOLVERS FOR THE 
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Brand-Rex Company Divisions 
‘Please send me the following Brand-Rex Title! Abb tt &Co.: electrical harnesses for industry 

' brochures: Brand-Rex Ltd. (Scotland): wire and cab le 

! C oe . . ee ray Division: wire and cable 

ompan onotuck Manufacturing Company: copper wire 
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Communications 


Double-window fiber 


handles both 850 and 1300 nm 





Vapor-phase oxidation is just one of 
the steps used in the manufacture of 
double-window fibers. 


Corning Glass Works, Telecommuni- 
cations Products Dept., Corning, NY 
14830. P&A: See text. 

The Corguide 3008D, an all-glass 
double-window fiber with a cellulose- 
acetate lacquer coating, provides very 
low signal attenuation at both 850 nm 
(first window) and 1300 nm (second 
window) wavelengths. Attenuation at 
the first window is less than 3.0 
dB/km, while attenuation at the sec- 
ond window is 1.5 dB/km. 
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ACUSHNET 


Actually, the fibers are optimized for 
both attenuation and _ bandwidth. 
While the attenuation is highest at 850 
nm and lowest at 1300 nm, the widest 
bandwidth is near 1000 nm. 

Currently, 850 nm is the most popu- 
lar design wavelength for short-run 
telecommunications. For long-term 
usefulness, Corning engineers have an- 
ticipated second-generation fiber optic 
system requirements; the second win- 
dow conductance is tuned for a wave- 
length which is pegged for future long- 
range transmissions. 

Minimum bandwidth in either win- 
dow is 800 MHz-km. The Corguide 
3008D has an outer diameter of 125 um, 
and is 50 um in diameter at the core. 

Intended for cross-continental trans- 
missions, the double-window fibers are 
available in 1100-m lengths on reels. 
The Corguide 3008D is $1.40 per meter 
in 100-km lots. Delivery time is four 
weeks. 
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Power amp modules boost 
cellular radio signals 


Motorola Semiconductor Products, 
P.O. Box 20912, Phoenix, AZ 85036. 
Alan Wagstaffe (602) 244-6394. $41 
(MHW808); $58 (MHW820) (100 qty); 
stock. 

Hybrid power amplifiers, MHW808 
and MHW820, boost signals in the 800- 
MHz conventional and cellular mobile 
radio bands. MHW820 uses three 
common-emitter amplifier stages for a 
minimum gain of 19 dB and a 20-W 
power output. For full output power, 
input power is 250 mW maximum. 
Harmonic distortion is at least —58 dB 
below the carrier. MHW808 has two 
cascaded stages producing 7.5-W out- 
put power, minimum gain of 14.8 dB 
and a maximum harmonic output of 
—52 dBc. The modules use a copper 
heatsink and a beryllium-oxide sub- 
strate material for good thermal con- 
ductivity. Circuit conductors are gold. 
Input and output impedances are 
matched to 50-Q systems. A 30:1 VSWR 
will not damage the output state re- 
gardless of phase angle. Each module 
works as an output stage or a driver. 
Supply voltage range is 10 to 16 V. 

CIRCLE NO. 460 


There’s nothing open-and-shut about Acushnet’s 


hermetic capacitors. Sealed for maximum protection from 


environmental damage and/or stress, the evidence is 
conslusively in favor of Acushnet’s impervious 


glass-to-metal terminals. 


Acushnet manufactures hermetic capacitors in 
metalized mylar, polycarbonate and paper dielectrics. 
Our specialty is designing capacitors to solve 


unique problems. 


Next time you need a capacitor you can rely on, 


contact us. 
Case closed. 


ACUSHNET CAPACITOR CO., INC. 


720 BELLEVILLE AVE. NEW BEDFORD, MA. 02741 / (617) 999-3291 


At Acushnet, We're Accustomed to Solving Capacitor Problems. 
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Communications ‘ 


Connectors speed up terminations 
of fiber-optic cables with low loss 





The Deutsch Co., Municipal Airport, 
Banning, CA 92220. Mike Hands (714) 
849-7822. P&A: See text. 

A new fiber-optic connector makes 
field terminations rapidly, with inser- 
tion losses of less than 1.0 dB. The 
Radiant Lens Card Connector consists 
of a DW4800 plug and a DW4200 recep- 
tacle. In handling fibers with core 
diameters of 50 to 100 um, the spring- 
loaded connector presses the fiber ends 


into a low-loss optical lens. A variety 
of shells accommodates the different 
types and thicknesses of optical fibers. 
In addition, the Deutsch production 
line includes a precision hand-held 
scribe-and-break tool. For use with the 
Deutsch Optical Waveguide connec- 
tors, the tool makes a smooth break in 
one operation. First, the fiber is 
stripped and inserted in the connector 
cap, and the cap is screwed onto the 
cutting tool. One operation completes 
the scribe-and-break procedure which 
not only leaves a smooth end, but also 
the appropriate length of exposed fiber 
in the connector cap, ready for inser- 
tion into the optical lense. The connec- 
tors can be mounted directly on boards. 
In very small lots, the DW4200 series 
receptacle costs $28.31, while the 
DW4300 plug costs $42.47. Delivery is 

typically within eight weeks. 
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Processing system speeds 
message handling 





Franklin Systems, 733 Lakefield Rd., 


Westlake Village, CA 91861. 
497-7755. $7850. 

An electronic processing system, 
TC/2, speeds message handling and 
transmission over TLX, TWX, DDD or 
private lines. A complete message, 
word and data processor, TC/2 com- 
municates in ASCII or Baudot code at 
user selectable baud rates. The system 
includes a CRT/keyboard entry station 
with dual Z80 processors, 48-k dynamic 
buffer, a 100-k minidisk drive, DOS 
software and a 30 char/s matrix 
printer. Full text editing capabilities 
are provided. TC/2 automatically ac- 
cesses the correct communications 
line, dials a desired number (retrying 


(805) 


if the number is busy), verifies the 


answerback, transmits a message and 
prints the full text on the system 
printer, inserting the date and time the 
message was sent. 
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We make the widest range of 
inkless, thermal-writing 
OEM strip chart recorder 
modules in the industry. 
Twenty models inall. Every- § 
thing from our new lightweight, 
Our eight-channel V-series recorder module. miniature, single-channel, DC 
(Actual size: 6.5” x 16.5” x 10.4") model to eight-channel mod- 
ules that write on plastic or chemically coated paper. 
We also offer the industry’s widest range of recorder 
options—including single- or five-line alphanumeric 
ther mal edge printing (on selected models), event 
markers, paper take-up, and rack-mounted or portable 
cases. Allat very competitive prices. 
MFE. We give youjust what you want in OEM 
recorders. Everything. 
For a brochure on our complete line of recorders, 
call toll free 800-258-3884. MFE Corp., Salem, N.H. 
03079. In Europe: MFE Limited, West Lothian, 
Scotland EH54 9BJ, Tel. (0589) 410 242. MFE Prod- , A, in 
ucts Sa, Vevey, Switzerland, Tel. 021 52, 80, 40. os 
(MFE has worldwide 
representation. ) 


“1 in OEM Recorders. 
















new DC module. 
(Seen here actual size.) 


CIRCLE NUMBER 76 
ELECTRONIC DESIGN 8, April 12, 1980 201 








Multidrop data multiplexer works 
well beyond FDM-system rates 


Micom Systems, 9551 Irondale Ave., 
Chatsworth, CA 91311. (213) 882-6890. 
P&A: $1250 to $4800; 8 wks. 
Micro900, a statistical multiplexer 
from Micom Systems, ties up to 16 data 
terminals at eight separate locations to 
a single telephone line—without the 


speed restrictions found in frequency- 
division-multiplexing systems. A mul- 
tidrop concentrator, Micro900 allows 
terminals to operate at virtually any 
asynchronous data rate to 9600 bits/s, 
far in excess of the 1200-bits/s max- 
imum found in FDM systems. 


Brighter-bolder 
miniature lites ina 
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variety of styles. 


LED’S 

(Oey ah czy aa) eke) e-] avamcn aval tale per-lela(mmore) (eo) amr: la lemminc:]iha’am comm Zolel ave 106i] eb 
ment’s appearance. We make available recessed indicators for 
high ambient locations and extended lens for a 90° viewing 
Vale] (-Wamm Ol ale) {cio} am a:Ye Wane] a-1-1 a Muar ere) ce) am d-lepAsle-1-1amr-] elem aclemat-lal-1 43 
io) am oYclalci me) am el dlancclemell ani hate ly-m 

NEONS roy a oli Kohan i avellecchce)awr-la-m-h r-litclelicmilinaamelelinental 
series resistors for line voltage use, also less resistor. Our T-1 
neons are smallest ever, sold discreet or installed into panel in- 
dicators. ~ NTS 

INCANDESCE 

Finally, we offer smart looking pilots with built-in or replace- 
able lamps in a variety of voltages. Plus, many other lamp 
products. Write or call Customer Service for our latest catalog 
and free engineering sample. 


: SS 
ALCO ELECTRONIC PRODUCTS, INC. a subsidiary of AUGAT, Inc. 
1551 Osgood St., N. Andover, MA. 01845 (617) 685-4371 TWX: 710 342-0552 
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Micro900 should help the min- 
icomputer operator working with 
teletypewriter-compatible CRT and 
printing terminals with no built-in er- 
ror control. The concentrator requires 
no special polling software and no 
changes to existing hardware or soft- 
ware. It also provides automatic 
retransmission-on-error to assure 
error-free communications on a multi- 
dropped telephone line. 

While borrowing circuitry from its 
predecessor, the Micro800, the 
Micro900 goes well beyond it. Unlike 
the Micro800, which links a cluster of 
terminals in one regional office using 
a single point-to-point telephone line, 
the Micro900 system links up to eight 
regional offices with a central com- 
puter—all with only a single, multi- 
point telephone line. Use of a multi- 
point line results in substantial savings 
in a system now using point-to-point 
lines. 

Micro900 supports computers and 
terminals from various manufac- 
turers, including DEC, Data General 
and Hewlett-Packard. Installation is 
simple and can be accomplished by 
untrained personnel. Built-in self-test 
features facilitate installation and 
troubleshooting in the field. 

CIRCLE NO. 305 


SAW filters replace 
L-C, crystal types 


Rockwell International, 4311 Jamboree 
Rd., Newport Beach, CA 92660. (714) 
833-4824. Under $150 (70 MHz) (OEM 
qty). 

A series of surface acoustic wave 
(SAW) bandpass filters eliminate the 
complex tuning procedures of L-C and 
discrete crystal filters. The SAW 
filters offer a flat group delay, con- 
trolled amplitude and time response 
and phase linearity. The parts measure 
2.85 X 1.15 X 0.4 in. and find use in 
rf receivers, frequency synthesizers 
and equalizers for digital data system. 
Center frequencies of 70 and 150 MHz 
are offered. 
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A full range of high resolution 
color and monochrome monitors with 


OFF-THE-SHELF AVAILABILITY 


Priced as low as $1375 


Aydin Controls has a complete family of RGB 
raster scan color video monitors available from 
inventory. These high performance color 
monitors are specifically designed for the display 
of computer generated text, graphics and image 
data. All Aydin displays come with aone year war- - 
ranty and feature: high and ultra-high resolution - 
shadow mask CRT’s, high video bandwidth, long © 
term convergence stability, modular construc- 
tion, rack mountability, convenient control. 
accessibility and simplified maintenance. A 
comprehensive list of options to meet any | 


requirement is available. 
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414 Commerce Drive Fort Wash 
(215) 542-7800 * TWX 510 














LSI test know-how. 








Fairchild knows about testing LSI. 
Virtually every LSI device devised 
by man has been tested on 
Fairchild’'s Xincom, Sentry® or 
sentinel™ systems. That know- 
how has been applied to in-circuit 
testing with the development of 
the FF303's LSI Testing Module 
(LTM), to bring a new dimension 
to LSI testing. 


LTM finds 

post- assembly faults. 
LTM is part of a new software 
package designed to quickly iso- 
late and identify faults intro- 
duced during PCB assembly. 
LSI test procedures first 
inspect an IC for orienta- 
tion, adjacent shorts, 
opens and pins folded 
under. Strategic func- 
tional tests follow to verify.. 
the IC's operational integ- 
rity. An 8085 micro- | 
processor, for example, is 
exercised for Address and | 
Data Bus, HOLD, INTR, INTA, 
10/M, TRAP, RESET, SIS, SOD, 
RD, and WR functions* — all in 
about 20 milliseconds. No other 
in-circuit test system tests as fast 
and as thoroughly as the FF303. 


Software support. 

You need tests that are ready to 
run, or easily altered, So you can 
use your time for testing, not pro- 
gramming. The special tests you 
may need can be quickly and 
easily generated by using CHIPS, 
Our unique LSI test language 
compiler. That's the kind of soft- 
ware support you get with the 
FF303— along with our commit- 
ment to maintain the industry's 
largest LSI testing library for in- 
circuit testing. 


Famchild’s LSi know-how 
adds anew dimension 
to in-circuit testing. 


The complete 
in-circuit tester. 

Your PCBs do not live by LSI 
alone. So the FF303 is designed 
to test SSI, MSI, and the whole 
gamut of analog components. 
Faultfinder systems pioneered 
the analog in-circuit test method 
and the FF303 brings you the ad- 
vanced component and circuit 
path inspection 
techniques you 
need for precise 
fault identification & 
and diagnosis. 














And you can 

choose from two different system 
analog and digital test point 
Capacities with modular expan- 
sion as you need it. 


With this powerful in-circuit digital/ 
analog testing system, you can 
count on yields of 95% or better at 
final test. 


The multi-task tester. 
Your FF303 will do more than 
test. Its computer control lets you 
Selectively run tests, file failure 
data, use the FAULTS automatic 
program generator and call, sort 
and file data quickly and easily. 
With real-time data logging, you 
can generate histograms to track 








PCB assembly failures by shift, 
day or week. And you can do 
more. 


Add memory, for example, to 
handle more complex testing ap- 
plications. Add a magnetic tape 
terminal for off-line program 
preparation and editing, or a line 
printer for hard copy output. Or 
add foreground/background pro- 
gramming options for optimum 
CPU capacity with concurrent 
program execution. 


Versatile fixturing. 
airchild's Thinline® vacuum fix- 
ture system lets you choose from 
a wide variety of fixtures, fix- 
ture kits and universal per- 
sonalizers. Build your own fix- 
tures with Thinline kits or 
get turnkey testing with 
ready-to-test fixtures and pro- 
grams. No other in-circuit test 
system manufacturer offers 
single-source fixturing and con- 
tract programming support. 


Find out what the FF 303 can do 
for you. Call or write Fairchild 
Test Systems Group, 299 Old 
Niskayuna Road, Latham, NY 
12110. (518) 783-3600. 


Se ee eee 
-AIRCHILMD 


ee ee ee 
Test Systems Group 


The 
First Family 
Of ATE 
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*Mnemonics copyright Intel Corp., 1979. 


























FNP, @ B)i Ci bt-buclone-el olen bela urae| J tteetberstcacwesteliete) (cn sseclelbtenteye 
automatically right along with the —_ setups required to insert older 


IC packages to help reduce costs style axial and radial lead com- 
by eliminating time-consuming ponents on the same printed 
Jeteb ele tretas-(o) 0018) kVA Se circuit board with DIP’s. 


Now, with DIPGuard, capacitors 
can be sequenced in with 
id otom (@x-wr-beleue) dele us D) 0a 
(ero) 90) 910) 8(a) 016-10) oe elam-t-beale 
insertion equipment 
with a single setup. This 


Let AVX work with you on 

your application. 
Contact AVX Ceramics, 
Dept T-81, P.O. Box 867, 
WY Ap etd (om ar) 0 hte OAc vara 
It's so easy, it's automatic. 
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Bipolar circuits divide—and 
conquer—support functions 


Advanced Micro Devices, 901 Thomp- 
son Pl., Sunnyvale, CA 94086. (408) 
732-2400. P&A: See tect. 

Each member of a new family of 
bipolar support circuits takes on a 
separate support function—giving ex- 
ceptional performance in dynamic 
memory systems. The functional ele- 
ments are a dynamic memory con- 
troller, special memory line drivers 
and buffers, an error detection and 
correction circuit and a refresh con- 
troller. | 

Two versions of each circuit will be 
available by the middle of this year: 
Circuits with the Am29 prefix will 
meet the specifications of bipolar bit- 
slice systems; those with the AmZ81 
prefix will serve MOS processor sys- 
tems. 

The main circuits in the family are 
the Am2964 (AmZ8164) dynamic mem- 
ory controller (DMC), the Am2960 
(AmZ8160) error detection and correc- 
tion circuit (EDC) and, for Z8000-based 





Dave Bursky 
Semiconductors Editor 


ELECTRONIC DESIGN 8, April 12, 1980 





systems only, the AmZ8163 refresh 
timing and error control circuit. The 
first circuits, which have already been 
announced, are the Am2965/66 (or 
AmZ8165/66) octal address-line 
drivers for dynamic RAMs; following 


shortly will be the Am2961/62 
(AmZ8161/62) multiport data-bus buf- 
fers. 

In a typical MOS-processor system, 
the AmZ8164 DMC buffers and multi- 
plexes the address lines of the CPU. 
Between the DMC and the address 
lines of the memory array are the 
AmZ8165 or 66 drivers. The data I/O 
pins of the memory array are buffered 
by the AmZ8161 or 62 circuits, with or 
without an AmZ8160 EDC, before the 
data are fed back to the memory and 
to the data bus. The Am29-type circuits 
function similarly in a bipolar system. 

With a Z8000 CPU only, the 
AmZ8163 can also be in the loop, 
monitoring the EDC circuit and han- 
dling some of the timing control along 
with the DMC. 

The 40-pin DMC chip includes an 8- 
bit refresh counter for handling both 
16 and 64-k dynamic RAMs; two 8-bit 
latches; and a special RAS decoder and 


a CAS buffer, which minimize the time 
skew that could arise between outputs 
if separate MSI chips were used. 

Housed in 24-pin 300-mil skinny 
DIPs, the 61 or 62-type data-bus buf- 
fers provide an interface that is just 
4 bits wide. Each data-bus buffer has 
four 4-bit ports. The 61 buffer provides 
an inverting data path, and the 62 
buffer provides a non-inverting data 
path, from the data bus to the EDC 
circuit. However, both provide invert- 
ing paths in the opposite direction. The 
buffers accept data from the memory, 
transfer the data to and from the EDC 
circuit and then transfer the data back 
to the memory or out to the system 
data-bus or both. Samples of the data- 
bus buffers should be available in the 
second quarter of this year. 

The octal drivers are pin-compatible 
with 20-pin buffers, like the 


~748240/244, but they are faster than 


the Schottky units and handle a —0.5 
V undershoot. The 65-type driver is for 
inverted input data and the 66-type 
driver is for noninverted data. 

The EDC circuit will be sampled near 
the beginning of the third quarter. The 
eascadable 16-bit error detection and 
correction circuit combines an ECL 
internal circuit with TTL-compatible 
periphery to perform at top speed. It 
detects multiple errors, corrects single- 
bit errors in a-parallel data word and 
provides syndrome bits when an error 
occurs, so that the system can log the 
location of memory faults. 

Towards the end of 1980, the 
AmZ8163 will appear. This dedicated 
circuit for Z8000-based systems fits 
between the CPU, the memory and the 
EDC circuit. It provides all the neces- 
sary timing from the basic CPU signals 
and system control via the syndrome 
bits of the EDC, when errors are de- 
tected. 

Prices have not yet been established 
for most of the circuits. In 100-unit 
quantities, the 65 and 66-type drivers 
will cost $4.80; the 64-type DMC, $16.25 
in plastic; and the 60-type EDC, ap- 
proximately $60. 
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Octal memory drivers 
work with MOS RAMs 


Advanced Micro Devices, 901 Thomp- 
son Pl., Sunnyvale, CA 94086. (408) 
782-2400. From $4.80 (100 qty); stock. 

Am2965 and Am2966, octal dynamic 
memory drivers with three-state out- 
puts, drive the capacitive inputs of the 
address and control lines of MOS 


dynamic RAMs. Inclusion of an ‘in- 
ternal collector resistor in the lower 
output driver controls the output fall 
and undershoot without slowing the 
output rise. It also eliminates the need 
for an external resistor to protect 
RAMs from undershoot caused by 
standard Schottky drivers. Output un- 
dershoot is limited to —0.5 V max- 
imum. Am2965 and Am2966 are pin- 
compatible with inverting 748240 and 
non-inverting 748244 devices. Typical 
power consumption is 450 mW from a 
5-V de source. 
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Power Supplies 4 


Power-One, a leading 
supplier to the Disk Drive 
Industry, now offers a 
complete line of power 
supplies for FLOPPY DISK 
and new WINCHESTER 
FIXED DISK applications. 


Call or Write for our 
New Catalog. 
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WINCHESTER FIXED DISK ; 
SHUGART - CENTURY - MICROPOLIS are just a few drives powered by this new 
universal model. Powers (1) Winchester drive plus controller circuitry. 


1st Output 2nd Output 3rdOutput | Model | Price(1-9) 
+5V@9A_ | -5Vor-12V@.8A | +24V@ .7A/4.5APK $120.00 


FLOPPY DISK - 514" MEDIA 
BASF - SHUGART - PERTEC - SIEMENS plus all other popular 5%" media drives. 


1st Output 2nd Output | Model | _Price(1-9) 
+ 5V @ .5SA/.7A PK + 12V @ .9A/1.8A PK CP340 S$ 44.95 
+5V@ 2A +12V @ 4A CP323 S$ 74.95 


CP323 powers up to (4) drives simultaneously. 


FLOPPY DISK - 8" MEDIA 
SHUGART - PERSCI - CDC - WANGCO plus many other single and multiple drive 
applications. 


| tstoutput_ | 2ndoutput__| —3rdoutput —{ Model _|pricei1-9) 
+5V @2A +12V@.4A ~12V@ AA 


CP272A powers Persci Drives (includes unregulated 7 - 10V @ 1.2A/10A PK). 
HTAA-16W powers Persci controller. 


OPOWES-ONE oc. rower suppues 


Power One Drive « Camarillo, CA 93010 « (805) 484-2806 » TWX 910-336-1297 
Eastern Regional Headquarters « (518) 399-9200 


voroneenee: 
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Low-cost 8-k RAM 
subs for 16-k types 


National Semiconductor, 2900 Semi- 
conductor Dr., Santa Clara, CA 95051. 
(408) 737-5000. $6.40 (100 qty); stock. 
An 8-kbit dynamic RAM, MM5298, 
provides complete de and ac com- 
patibility with the 16-kbit MM5290. 
The low-cost device has a multiplexed 
address input with separate row and 
column strobes, allowing operation of 
the device in a page mode. Access times 
are 150, 200 and 250 ns. The TTL- 
compatible device offers 64 refresh 

cycles every 2 ms. 
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FIFO with parity ends 
need for separate chip 


Monolithic Memonrnes, 1165 E. Arques 
Ave., Sunnyvale, CA 94086. (408) 
739-8535. $32 (67402); $48 (67402A); 
stock. 

To make parity-checking easier, an 
additional data stream has been added 
to the basic 67401 first-in, first-out 
(FIFO) serial memory chip to create 
the 67402. The larger memory is five 
bits wide—four bits for data and one 
bit for checking parity. The device is 
organized into 64 five-bit words and 
operates at a 10-MHz data rate. An “A” 


version operates at 15 MHz. 
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Gate arrays operate 
at speeds to 20 MHz 


Interdesign, 1255 Reamwood Ave., 
Sunnyvale, CA 94086. (408) 734-8666. 
P&A: See text. 

Two high-speed gate arrays, MSA 
and MSB, operate at toggle rates to 20 
MHz with typical propagation delays 
of 8 ns and a speed-power product of 
better than 1 pJ. The chips are current- 
mode logic arrays produced with a 
collector diffused isolation process. 
Each array cell contains two pairs of 
common-collector npn transistors, a 
current source with two active emit- 
ters, load resistors and crossunders. 
This architecture permits construction 
of two 2-input NOR gates within a single 
array cell. A 3-input NOR gate and a 2- 
input NAND gate also require just a 
single cell while a D flip-flop can be 
integrated using only three array cells. 
The chips are compatible with TTL, 
LSTTL and CMOS logic forms and 
have sufficient output power to drive 
LED displays. 
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Some people th 


ink the best feature 


of our Digibridges 1s price. 
Otherst hand person ee 





We couldn't agree more. 





One of the biggest problems in choosing an RLC tester is finding the right unit. With the right 


features. At the right price. 


_ AtGenRad, we give you all the choices you need. Four different Digibridges in four different 
price ranges. No matter what your level of testing, one of them will fit your needs precisely. With the 


performance you need. And the accuracy you want. 


Yet the Digibridge family is economically priced. Because you don’t pay for performance you 


don’t need. 


So take a look at the Digibridge family from GenRad. You’ll find everything you want. Ata price 


you can afford. 


For more information, call toll-free 1-800-225-7335. In Massachusetts, 1-617-779-2825. Or write 


GenRad, Concord, MA 01742. 





1657 RLC Digibridge 

Our 1657 Digibridge gives you everything you need for basic 
RLC testing at a modest $1500. It’s accurate to 0.2%, and lets you 
test at 1 kHzas well as 120 or 100 Hz. The 1657 gives you continu- 
ous measurements at 3 per second and the choice of series or 
parallel measurement modes 





16871 MHzLCDigibridge ® 


Ina 1 MHzatester our 1687 gives you 0.1% accuracy 
on C measurements, 0.2% accuracy on L measurements. 
You get most of the features of our 1658: automatic range selection, 
selectable measurement speeds, automatic limit comparison capability, 
external DC bias capability, and more. Like self-check diagnostics. At 
a cost of just $4000. Optionally, you can also get an IEEE bus/handler 
interface, external fixturing and a 1.0V rms test voltage. 





GenRad 


Put our leadership to the test. 


aye > Pe 
Fees pag BEE bs 
2 eet 





1658 RLC Digibridge 


For more critical measurements, our 1658 gives you the 
measurement accuracy of 0.1% at 1 kKHzand 120 or 100 Hz. Its 
features include automatic limit comparison capability and select- 
able test speeds for fast error free measurements. Range selection 
is automatic and the 1658 has external DC bias capability, too. All 
for just $3,200. As an option an IEEE bus/handler package for data 
communication and high speed automated testing is available. 





1688 Precision LC Digibridge 


Our top of the line 1688 provides basic accuracy of 0.02%, a 
choice of 254 frequencies from 240 Hz to 20 kHz, andal PPMD 
measurement resolution. Test speeds can be set at .5, 1.5, 3.0 or 
7.0 measurements per second and test voltages at .25V or 1.0V. Of 
course range selection, limit comparison capability and self-check 
diagnostics are also included. And that’s the most performance 
you can buy for $4900. 
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PDP-Il and USI-Il bus 
displays 





MLSI-2480 






: i 





MATROX has the most complete line of 
CRT display boards for DEC’s 
PDP-Il and LSI-ll bus: in ‘the 
industry. We have alphanumerics; 
graphics; color; black and white; varia- 
ble resolution; external/internal sync; 
50/60 Hz; software and much, much 
more. Just plug the board in any 
PDP/LSI-II bus connect video to any 
standard TV monitor, and presto, you 
have added acomplete display to your 
system at a surprisingly low cost. 













LSI-ll BUS 
MLSI-2480 24 x 80 alphanumerics 
MLSI-256 256 x 256 dot graphics 
MLSI-512 x 256 512 x 256 graphics 
MLSI-512 512 x 512 graphics 
MLSI-1024 1024 x 256 graphics 














PDP-li BUS 
MDC-2480 24 x 80 alphanumerics 
MDC-256 256 x 256 dot graphics 
MDC-512 x 256 512 x 256 graphics 
MDC-512 512 x 512 graphics 
MDC-1024 1024 x 256 graphics 












And we have other uP displays and 
display controllers. These include state 
of the art OEM alphanumeric LED dis- 
plays, alphanumeric video RAM’s and 
CRT graphics controllers. They come 
as complete, ready to use sub-systems 
(single chips, modules, PCB’s). Many 
of them are plug-in compatible with 
other buses Multibus SBC-80, S-100, 
Exorciser, STD as well as custom 
design capability. 












Gvm matron electronic systems 







The Visible Solutions Company 





5800 ANDOVER AVENUE, T.M.R.,, MONTREAL, QUE. H4T 1H4 
TEL: (614) 735-1182 TELEX: 05-825651 
U.S. ONLY, TRIMEX BUILDING, MOOERS, N.Y. 12958 
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Complete 10-bit DAC 
has uP bus interface 


Signetics, 811 b. Arques Ave., P.O. Box 
409, Sunnyvale, CA 94086. (408) 
739-7700. P&A: See text. 

A complete 10-bit d/a converter in- 
terfaces with most microprocessor and 
logic-controlled systems. With 10-bit 
resolution, the NE5020 has relative 
accuracy of +0.1%. Its monotonicity 
and accuracy are guaranteed over the 
converter’s full operating temperature 
range of 0 to 70 C. 

The 5020 is an extension of the 
company’s NE5018 8-bit DAC. Its 
latches operate in one group of 8 bits 
and a second group of 2 bits. All latches 
have minimal loading and adjustable 
logic thresholds, as well as addressing 
capability. 

The converter can settle to within 0.5 
LSB in just 5 us. Internal propagation 
delays (input to output) are 300 ns 
when the bit lines are switched low to 
high, and 150 ns when the lines switch 
high to low. The pulse width for the 
two latch-enable lines is 150 ns, min- 
imum. 

Along with the basic converter 
circuitry, which includes both current 
switches and ladder network, the 5020 
has an on-chip band-gap voltage refer- 
ence, and an output buffer amplifier, 
as well as matched application re- 
sistors for scaling either unipolar or 





bipolar output values. The output of 
the on-board buffer amplifier may be 
offset so as to provide unipolar opera- 
tion over a range of 0 to 10 V or bipolar 
operation over a range of —5 to +5 V. 

Housed in a 24-pin 600-mil DIP, the 
converter requires dual 15-V supplies, 
with a maximum current drain of 14 
mA from the +15-V supply and 15 mA 
from the —15-V supply. Power dissipa- 
tion totals 4835 mW. When one supply 
varies from 13.5 to 16.5 V and the other 
supply is stable, output rejection for 
the varying supply stays at 0.01% full- 
scale per shift. 

This self-contained 10-bit micropro- 
cessor-compatible DAC can interface 
with many of today’s popular micro 
chips. Both its amplifier and its voltage 
reference are protected against short 
circuits. 

Applications for the 5020 are numer- 
ous, including: precision 10-bit DACs, 
a building block for analog-to-digital 
converters, programmable power sup- 
plies, test equipment, measuring in- 
struments, analog-digital multiplica- 
tion, and the like. 

In 100 quantity, the NE5020 costs $12 
in a plastic DIP and $14 in a CERDIP. 
Delivery time ranges from stock to four 
weeks. 

CIRCLE NO. 307 
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Go right with 
Rogers. 


If your usage of flexible circuits will be 
high volume, start your new project with a 
company that can deliver. 

Rogers’ unique in-house capability to 
meet demanding requirements for flexible 
laminates gives you a flying start on 
truly cost-effective flexible circuitry. 
Roll-to-roll processing in greatly 
expanded production facilities further 
contributes to economy. 

Rogers has in-depth engineering support 
for your program and responds promptly 
to requests for application engineering 
assistance. One call to (602) 963-4584 will 
put you on the way toward uniformly 
reliable, high-volume flexible circuits. 


Circuit Systems Group 
Rogers Corporation 
Chandler, Arizona 85224 
(602) 963-4584 


EUROPE: Mektron NV, Gent, Belgium JAPAN: Nippon Mektron, Tokyo 
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Meets a variety 
of interconnect needs. 


e Awide choice of connectors: “Quickie” 
and “Quickie” low-profile females, 
female IC, edge card, male DIP, PCB, 
and quick-eject vertical and right- 
angle headers ... all in a broad range 
of sizes. 


e Round conductor, flat cable on 
0.050"' centers. 


e Aselection of hand and air operated 
presses, cable shears, accessories and 
strain reliefs. 


Efficient assembly saves time, 
material and money. 


All connectors in the Quickie” system 
deliver reliable terminations in just a 
few seconds because: 


e Cable slot designed 
to precisely position 
conductor for reliable 
termination, higher 
yields. 


e Sight holes in cov- 
er permit visual in- 
spection before and 
after assembly assur- 
ing proper cable 
alignment. 








e The semi-auto- 
matic applicator 
completes termina- 
tions with a slide 
motion reducing 
assembly time. Or 
choose the manual 
applicator designed 
to minimize opera- 
tor fatigue. 


Over seven years proven perform- 
ance. You can rely on “Quickie”. 


“Quickie” connectors are now specified by 
many of America’s most quality Conscious 














companies. Three high performance 
features demonstrate why: 


4. Askewed tines firmly hold the wire for 
reliable termination. 


2. Dual-beam contact 
assures redundant pos- 
itive pin connection, 
even when sub- 
jected to 
vibration. 








3. High- 
strength plastics 
withstand severe 
environments. 


For a brochure giving details 
and complete specifications, 
write or call: 


The Du Pont Company, Berg Electronics Division 


New Cumberland, Pennsylvania 17070. 
Telephone: (717) 938-6711. 


UPON 


REGUS. PAT &TM.OFF 








*Du Pont’s trademark for its mass termination connectors, cable, presses and accessories. & L E C ] / ‘ ON / CS 
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Gould powers 
any size idea. 
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Gould Gelyt Gould silver-zinc 
2.6 A.H. to 30 A.H. Multiples oe hep So. 4 A.H. to 250 AH. 
of 6 volts. Cyclic and float cee a — — , ” i energy density. 
applications. a Le ; E Mil-std. Field proven. 






Gould Nicad® 
.070 A.H. to 7.0 A.H. 

Polytemp™ for high temperature 
sp aes atbe and long life. 

P.C. board mounting capability. 


Gould Activair® 
Highest energy density 
available. Flat discharge voltage 
profile. Non-hazardous. 


From tiny hearing aids to massive Gould offers powerful support, too. 
communication systems, pocket calculators With design and engineering professionals 
to giant computers, cordless shavers to ready to pitch in and help bring your 
submarines...whatever size your idea, look idea to reality. ) 
to Gould to make it go. Add a nationwide network of stocking 
Because nobody manufactures more distributors and you've also got fast delivery. 
battery power than Gould. Good ideas come in all sizes. 
Nicad® nickel-cadmium, Gelyte® sealed Power up yours with the real performer. 
lead-acid, Activair® zinc-air, silver- zinc... Go with Gould. 


only Gould makes all four. And Gould 

offers all the flexibility you need. With a wide = 

variety of capacities and configurations. G O U LD 
An Electrical/Electronics Company 
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Gould Inc., Portable Battery Division, 931 N. Vandalia Street, St. Paul, Minnesota 55114, Telephone (612) 645-8531 


Analog Gircuits 


Fast ADC module gets faster 
with ‘progressive’ design 


Teledyne Philbrick, Allied Dr. at Rte. 
128, Dedham, MA 02026. Ted Serafin 
(617) 329-1600. P&A: See text. 

Upgrading the traditional succes- 
sive-approximation circuit helps reduce 
typical conversion time in Teledyne 
Philbrick’s 4134 a/d converter module 
from about 2.5 to 1.8 us. The enhanced 
successive-approximation technique is 
called progressive approximation, 
which brings more speed to an already 
high-speed device by adding a clock 
control circuit to a conventional 
successive-approximation circuit 
(Electronic Design, March 29, 1980, p. 
30). 

The latest in a series of converters 
in the company’s ultra-high-speed 4130 
series, the 4134 is designed for high- 
speed data-acquisition systems and 
fast Fourier transform applications. 
Conversion time is guaranteed not to 
exceed 2.0 ws (0.5-MHz conversion 
rate), and the conversion-time tem- 
perature coefficient is guaranteed at 
+2.8 ns/°C. 

Nonlinearity is specified at +1 LSB, 
and quantizing error is +1/2 LSB. 
Temperature stability specifications 
include a nonlinearity of +5 ppm/°C, 
and a gain error of +20 ppm/°C. An- 
other guarantee: The module will have 
no missing codes over a temperature 
range of 1 to 49 C. 

The 4134 can do either single or 
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repetitive conversions, both of which 
are user-programmable. In the single- 
conversion mode, an external pulse 
applied to the Start Convert input 
initiates operation at a conversion rate 
under user control. Repetitive con- 


‘versions require that a single TTL 


inverter be externally connected to the 
Start Convert pin. 

Digital outputs can be serial or par- 
allel as well as unipolar or bipolar. 
Unipolar logic coding is binary, while 
bipolar outputs can be either offset 
binary or two’s complement. The mod- 
ule is capable of driving ten TTL loads. 

Two versions are available—one for 
0 to 70 C, the other for —25 to +85 C 
and both monotonic over their full 
temperature range. 

The 4134 is contained in a metal 
modular package measuring 4 X 2 X 
0.42 in. The power-ground pin is tied 
to the metal case. 

Three supplies are required to oper- 
ate the module: +5 and +15 V. Current 
drains are 325 mA from the 5 V, 65mA 
from the +15 V and 45 mA from the 
—15 V. A special power supply made 
by the company, the 2248, provides the 
necessary levels. 

Pricing for the 0 to 70 C version is 
$260 in quantities of 100 to 249 pieces. 
Availability is from stock to four 
weeks. 
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Quickie, the 

total IDC System, 
is available through 
these leading Berg 
Electronics distributors: 





ARIZONA 
Phoneix 
Weatherford 
602-272-7144 
CALIFORNIA 
Anaheim 
Weatherford 
714-634-9600 
Belmont 
LoDan 
415-592-4600 
Glendale 
Weatherford 
213-849-3451 
Inglewood 
Force Electronics 
213-776-1324 
Palo Alto 
Weatherford 
415-493-5373 
San Diego 
Weatherford 
714-278-7400 
COLORADO 
Englewood 
Weatherford 
303-770-9762 
CONNECTICUT 
Norwalk 
Harvey 
203-853-1515 
FLORIDA 
Orlando 
Hammond 
305-849-6060 
ILLINOIS 
Arlington Heights 
LoD 


oDan 
312-398-5311 
INDIANA 
Fort Wayne 
Fort Wayne Electronics 
219-423-3422 
Indianapolis 
Graham 
317-634-8202 
KANSAS 
Kansas City 
Tennant 
913-287-2100 
MARYLAND 
Baltimore 
Resco/ Baltimore 
301-823-0070 
Beltsville 
Resco/Washington 
301-937-9100 
MASSACHUSETTS 
Lexington 


Harvey 
617-861-9200 


MINNESOTA 


Minneapolis 

Aero Space 
Computer Supplies 
612-884-4725 


NEW JERSEY 
Pinebrook 
Harvey 
201-227-1262 
NEW YORK 
Binghamton 
Harvey 
607-748-8211 
Commack 


Conco Electronics 
516-543-8300 


W. Henrietta 
Harvey 
716-334-5920 
Woodbury 
Harvey 
516-921-8700 
NORTH CAROLINA 
Greensboro 
Hammond 
919-275-6391 
OHIO 
Cincinnati 


Graham 
513-772-1661 


Cleveland 
CAM/Ohio 
216-461-4700 


PENNSYLVANIA 
Philadelphia 


Almo 
215-698-4000 
Pittsburgh 


AM/R 
412-782-3770 
SOUTH CAROLINA 
Greenville 
Hammond 
803-233-4121 
TEXAS 
Austin 


Cs 
512-837-8922 
Dallas 


SI 
214-357-6511 
Houston 
CSI 
713-771-7237 
WASHINGTON 
Seattle 


Weatherford 
206-575-1340 


REG Us PaT & TM OFF 
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Now that our 
microcomputers 
have more 
memory Options, 
SO dO yOu. 
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We've just expanded our industry- 
standard F3870 line by adding three 
new microcomputers with increased 
on-chip memory options. Each is a 
complete 8-bit microcomputer on a 
single MOS chip and is 3870 pin- 
compatible. 


Bigger ROM sini 

The series begins with the multi- 
source 3870 that gives you up to 
2K bytes of ROM. With our three 
increased-memory versions, you can 
now get more features, a more 
sophisticated controller and more 
design flexibility. 

Starting with the F3876 which 
offers 2K ROM, and the F3872 and 
F3878 which offer 4K ROM. These 
give the designer the size versatility 


POWER SUPPLY 


POWER DOWN 





ELECTRONIC DesIGN 8, April 12, 1980 


he needs for almost every applica- 
tion, as well as allowing him to make 
smarter controllers. 


More RAM with | 
power-down protection. 
The F3872 and F3876 offer 128 

bytes of RAM, with 64 bytes avail- 


able for power-down protection. — 


That means that if your system shuts 
down, there's no memory loss, 
because the RAM remains powered 
and protected, with low current 
demand. 


A microcomputer 
for all reasons. 
No matter what your application 
needs, the F3870 series can meet 
them. It's an excellent choice for a 
wide variety of control applications, 
including terminals, communications, 
automotive and instruments. It's the 
perfect family of low-cost micro- 
computer circuits for the high-volume, 
cost-sensitive controller market. 
So now, there isn't amore 
complete family of devices available 
thatwillletyou build za 
a new system, or EAIR CHILD 
ae eee 


upgrade an existing 
one. For more infor- A Schlumberger Company 


mation, contact your Fairchild office. 


France: FairchildCamera & Instrument $.A., 121 Ave.d'ltalie, 75013 Paris. Tel: 331 584 55 66. 
Telex 0042 200614. Ita a Fairchild Semiconduttori $.P.A., Via Rosellini, 12, 20124 Milano. 
Tel: 02 6 88 74 51. Telex: 36522. Germany: Fairchild Ca mera & Instrument (Deutschland) 
GmbH, 8046 Gar st ie uck, Daimlerstr. 15, Munchen. Tel: 089 320031. Telex: 52 4831 
fair d. England: Fairchild Camera & Instrumen t (UK) Ltd., 230 High St., Potters Bar, Hert- 
fordshire EN6 5BU. Tel 0707 51111. Telex: 262835. Sweden: Fair child Semiconductor AB, 
Svartengsgatan 6, S-11620 Stockholm. Tel: 8-449255. Telex: 17759. 
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8-bit ADC converts in 600 ns, 
provides six input-voltage ranges 





Datel-Intersil, 11 Cabot Blvd., Mans- 
field, MA 02048. Sumner Hagerman 
(617) 339-9341. $205; 8 to 12 weeks. 
A hybrid 8-bit analog-to-digital con- 
verter completes a conversion in less 
than 600 ns. At this speed, the ADC-815 
is extremely useful for applications in 
radar, speech pattern recognition, com- 
puter typesetting, high-speed instru- 
ments and other data-acquisition and 
control systems, with sampling rates 
up to 1.67 MHz. 
- In a 24-pin ceramic DIP package, the 


° 


device provides bipolar or unipolar pin- 
programmable, input voltages in six 
ranges; 0 to +5 V, 0 to +10 V, 0 to +20 
V, +2.5 V, +5 V or +10 V. Outputs 
include binary serial data, a clock out- 
put and a status output. 

Conversion is performed by suc- 
cessive approximation, with the help of 
fast current-output DACs, strobed 
comparators, 8-bit successive approx- 
imation registers, precision reference 
and clock—all connected with thin- 
film resistors and interconnects. The 
gain tempco is within 20 ppm/°C for 
the operating range of 0 to +70 C, 
though units can be specified to operate 
from —65 to +125 C. 

A three-part power supply is re- 
quired: +15 V de at 35 mA, —15 V de 
at 15 mA and +5 V de at 100 mA. 
Sensitivity to fluctuations in the power 
supply, however, is less than 0.02% for 
each change of 1%. 
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Voltage regulator spans 
9 to 28 V 


THICKFILM 
ene 








PRECISION VOLTAGE REGU) 


ch ae Voltage Relere 





Thickfilm International, Rt. 1, Box 
85-0, Indian Head, MD 20640. (301) 
375-8666. Under $4.50 (1000 qty); stock 
to 8 wks. 

A precision voltage regulator offers 
control over its output from 5 to 28 V 
de. Tolerance is 0.2, 0.5 or 1%. Program- 
mable current-limiting provides short- 
circuit protection. The hybrid device 
comes on al X 2-in. ceramic substrate 
and operates from 0 to 70 C. Input 
voltage range is 9.5 to 40 V de; output 
current, 150 mA maximum. An ex- 
ternal inhibit function is available to 
shut down the supply. 
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Single CMOS chip drives 
vacuum display 


Intersil, 10710 N. Tantau Ave., 
Cupertino, CA 95014. Dale Prull (408) 
996-5100. $3.75 (100 qty); stock. 

A monolithic CMOS device, 
ICM7235, drives non-multiplexed, 4- 
digit vacuum-fluorescent displays. The 
device provides 28 high-voltage, open- 
drain, P-channel transistor outputs, 
organized as four 7-segment digits. Up 
to six TTL or CMOS ICs can be 
eliminated from display-driver circuits 
by using the ICM7235. Versions of the 
chip are available with multiplexed 
BCD input or with a high-speed proc- 
essor interface. Outputs can be Hex or 
Code B. The non-multiplexed driver 
avoids generation of RFI. Inputs fea- 
ture display blanking and full protec- 
tion against static discharge. A 
brightness control allows display dim- 
ming in low ambient light levels. The 
ICM7235 comes in a plastic 40-pin DIP 
and operates over a —20 to +70 C 
range. 
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TI 
Distributors 


Distributor List 
ALABAMA: Huntsville, Hall-Mark (205) 837-8700. 


ARIZONA: Phoenix, Kierulff Electronics (602) 243-4101; R.V. 
Weatherford (602) 272-7144; Tempe, Marshall Industries (602) 
968-6181. 


CALIFORNIA: Anaheim, R.V. Weatherford (714) 634-9600; Canoga 
Park, Marshall Industries (213) 999-5001; Chatsworth, JACO (213) 
998-2200; Costa Mesa, Ti Supply (714) 979-5391; El Monte, Marshall 
Industries (213) 686-0141; El Segundo, Ti Supply (213) 973-2571: 
Glendale, R.V. Weatherford (213) 849-3451; Goleta, RPS (805) 964- 
6823; Irvine, Marshall Industries (714) 556-6400; Los Angeles, 
Kierulff Electronics (213) 725-0325; RPS (213) 748-1271: Mountain 
View, Time Electronics (415) 965-8000; Palo Alto, Kierulff Electronics 
(415) 968-6292; Pomona, R.V. Weatherford (714) 623-1261; San 
Diego, Arrow Electronics (714) 565-4800; Kierulff Electronics (714) 
278-2112; Marshall Industries (714) 278-6350; R.V. Weatherford 
714) 278-7400; Santa Barbara, R.V. Weatherford (805) 465-8551: 
unnyvale, Arrow Electronics (408) 739-3011; Marshall Industries 
408) 732-1100. Tl Supply (408) 732-5555; United Components 
408) 737-7474; Torrance, Time Electronics (213) 320-0880: Tustin, 
Kierulff Electronics (714) 731-5711. 


COLORADO: Denver, Arrow Electrqnics (303) 758-2100, Diplomat/ 
Denver, (303) 427-5544; Kierulff Electronics (303) 371-6500; Engle- 
wood, R.V. Weatherford (303) 770-9762. 


CONNECTICUT: Hamden, Arrow Electronics (203) 248-3801; TI Supply 
(203) 281-4669; Orange, Milgray/Connecticut (203) 795-0714: Wal- 
lingford, Wilshire Electronics (203) 265-3822. 


FLORIDA: Clearwater, Diplomat/Southland (813) 443-4514: Ft. 
Lauderdale, Arrow Electronics (305) 776-7790; Diplomat/Ft. Lauder- 
dale (305) 971-7160; Hall-Mark/Miami (305) 971-9280; Orlando, 
Hall-Mark/Orlando (305) 855-4020: Palm Bay, Arrow Electronics 
(305) 725-1480; Diplomat/Florida (305) 725-4520; St. Petersburg, 
Kierulff Electronics (813) 576-1966; Winter Park, Milgray Electronics 
(305) 647-5747. 


GEORGIA: Doraville, Arrow Electronics (404) 449-8252: Norcross, 
Wilshire Electronics (404) 923-5750. 


ILLINOIS: Arlington iy ow Tl Supply (312) 640-2964: Bensonville, 
Hall-Mark/Chicago (312) 860-3800; Elk Grove Village, Kierulff Elec- 
tronics (312) 640-0200; Chicago, Newark Electronics (312) 638- 
4411; Schaumburg, Arrow Electronics (312) 893-9420. 


INDIANA: Ft. Wayne, Ft. Wayne Electronics (219) 423-3422: Indian- 
apolis, Graham Electronics (317) 634-8202. 


IOWA: Cedar Rapids, Deeco (319) 365-7551. 


KANSAS: Lenexa, Component Specialties (913) 492-3555: Shawnee 
Mission, Hall-Mark/Kansas City (913) 888-4747: Wichita, LCOMP 
Inc. (316) 265-8501. 


MARYLAND: Baltimore, Arrow Electronics (202) 737-1700, (301) 
247-5200; Hall-Mark/Baltimore (301) 796-9300; Columbia, Diplo- 
Hees ath (301) 995-1226; Rockville, Milgray/Washington (301) 


MASSACHUSETTS: Billerica, Kierulff Electronics (617) 667-8331: 
Burlington, Wilshire Electronics (617) 272-8200: Waltham, TI Suppiy 
(617) 890-0510; Woburn, Arrow Electronics (617) 935-8080: Time 
Electronics (617) 935-8080. 


MICHIGAN: Ann Arbor, Arrow Electronics (313) 971-8220: Oak Park, 
Newark Electronics (313) 967-0600; Grand Rapids, Newark Elec- 
tronics (616) 241-6681. 


MINNESOTA: Edina, Arrow Electronics (612) 830-1800; Plymouth, 
Marshall Industrials (612) 559-2211. 


MISSOURI: Earth City, Hall-Mark/St. Louis (314) 291-5350; Kansas 
City, Component Specialties (913) 492-3555; LCOMP Inc.-Kansas 
PA 221-2400; St. Louis, LCOMP Inc.-St. Louis (314) 


NEW HAMPSHIRE: Manchester, Arrow Electronics (603) 668-6968. 


NEW JERSEY: Camden, General Radio Supply (609) 964-8560; Cherry 
Hill, Milgray/Delaware Valley (609) 424-1300; Clark, Tl Supply (201) 
382-6400; Clifton, Wilshire Electronics (201) 340-1900: Fairfield, 
Kierulff Electronics (201) 575-6750; Moorestown, Arrow Electronics 
(609) 235-1900; Saddlebrook, Arrow Electronics (201) 797-5800. 


NEW MEXICO: Albuquerque, Arrow Electronics (505) 243-4566; In- 
oe Electronics (505) 262-2011; United Components (505) 


NEW YORK: Endwell, Wilshire Electronics (607) 754-1570; Farming- 
dale, Arrow Electronics (516) 694-6800: Freeport, Milgray Elec- 
tronics (516) 546-6000, N.J. (800) 645-3986; Hauppauge, Arrow 
Electronics (516) 231-1000; JACO (516) 273-5500: Liverpool, Arrow/ 
Syracuse (315) 652-1000; Melville, Diplomat (516) 454-6334: New 
York, Wilshire Electronics (212) 682-8707; Rochester, Arrow/ 
Rochester (716) 275-0300; Rochester Radio Supply (716) 454-7800: 
Wilshire Electronics (716) 235-7620. 


NORTH CAROLINA: Raleigh, Hall-Mark (919) 832-4465: Winston- 
Salem, Arrow Electronics (919) 725-8711. 


OHIO: Cleveland, Tl Supply (216) 464-6100; Columbus, Hall-Mark/Ohio 
(614) 846-1882; Dayton, ESCO Electronics (513) 226-1133; Marshall 
Industries (513) 236-8088. ghauts Arrow Electronics (513) 253- 
9176; ree: Arrow Electronics (513) 761-5432: Solon, Arrow Elec- 
tgonics (216) 248-3990. 

OKLAHOMA: Tulsa, Component Specialties (918) 664-2820: Hall- 
Mark/Tulsa (918) 835-8458: TI Supply (918) 749-9543. 


OREGON: Beaverton, Almac/Stroum Electronics (503) 641-9070: Mil- 
waukie, United Components (503) 653-5940. 


PENNSYLVANIA: Huntington Valley, Hall-Mark/Philadelphia (215) 355- 
7300; Pittsburgh, Arrow Electronics (412) 351-4000. 


TEXAS: Austin, Component Specialties (512) 837-8922: Hall-Mark/ 
Austin (512) 837-2814; Dallas, Component Specialties (214) 357-6511: 
Hall-Mark/Dallas (214) 234-7400; International Electronics, (214) 233- 
9323; Tl Supply (214) 238-6821: El Paso, International Electronics 
(915) 778-9761; Houston, Component Specialties (713) 771-7237; Hall- 
Mark/Houston (713) 781-6100; Harrison Equipment (713) 652-4700: TI 
Supply (713) 776-6511. 


UTAH: Salt Lake wi Diplomat/Altaland (801) 486-4134: Kierulff Elec- 
tronics (801) 973-6913. 


WASHINGTON: Redmond, United Components (206) 885 1985: Seattle, 
Almac/Stroum Electronics (206) 763-2300, Kierulff Electronics (206) 
975-4420; Tukwila, Arrow Electronics (206) 575-0907. 


WISCONSIN: Oak Creek, Arrow Electronics (414) 764-6600; Hall- 
moh sie a (414) 761-3000; Waukesha, Kierulff Electronics (414) 


CANADA: Calgary, Cam Gard Supply (403) 287-0520; Downsview, 
CESCO Electronics (416) 661-0220; Edmonton, Cam Gard Supply (403) 
426-1805; Halifax, Cam Gard Supply (902) 454-8581: Kamloops,Cam 
Gard Supply (604) 372-3338; Moncton, Cam Gard Supply (506) 855- 
2200; Montreal, CESCO Electronics (514) 735-5511; Future Electronics 
(514) 731-7441; Ottawa, CESCO Electronics eer 729-5118; Future 
Electronics (613) 820-8313; Quebec City, CESCO Electronics (418) 687- 
4231; Regina, Cam Gard Supply (306) 525-1317; Saskatoon, Cam Gard 
Supply (306) 652-6424; Toronto, Future Electronics (416) 663-5563: 
Vancouver, Cam Gard Supply (604) 291-1441; Future Electronics (604) 
438-5545; Winnipeg, Cam Gard Supply (204) 786-8481. U 
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The fastest SK EPROM ever. 
TMS2508. Available now. 





From Texas Instruments. 


High speed. Reprogrammability. F'am- 
ily compatibility. And availability. - 
Just a few of the many practical rea- 
sons why you should consider the new- 
est member of TI’s 5-V Family. 
TMS2508. An8K EPROM specifically 


designed for high-speed. 


For fast microprocessor systems 


At 250-ns max access time, 180-ns typi- 
cal, the TMS2508 is the fastest EPROM 
on the market. So fast, in fact, that you 
can design it in for all state-of-the-art 
microprocessors and not worry about 
sacrificing performance. The TMS2508 
reduces wait states and virtually elimi- 
nates the need for any additional wait- 
state circuitry. 


As a bipolar alternative 


Because the TMS2508 is so fast, it also 
allows you to implement many memory 
applications previously served only by 
bipolar PROMs. Only minor board 
modifications are required to make the 
switch from bipolar to MOS. (For com- 
plete details see Applications Note 
MM-2508.) And, unlike PROMs, 
the TMS2508 can be easily and 
quickly erased and reprogrammed. At 
any time. 


High performance 


In addition, the TMS2508 offers you 
such outstanding performance features 
as 8-bit word configuration, automatic 
chip select/power down and fully static 
operation. 


So, if speed is what you need, go 
ahead and design with confidence. Go 
ahead and specify TI’s new TMS2508. 

There’s just no faster 8K EPROM 
available anywhere. And even faster 
versions are coming soon. 


For fast delivery of fast 8K 
EPROMs, call your nearest authorized 
TI distributor. He has them on-the- 
shelf. Priced right. Ready to move. 


For free samples, write to TI on 
your letterhead, briefly 
describing your proposed 
TMS2508 application. 
Write to Texas Instru- 
ments Incorporated, Dept. 
$2508, P.O. Box 1443, M/S 
6965, Houston, Texas 77001. 









Fifty Years 
of 
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Contact Eliminate Wire Stripping. For D-type Connectors 


Choose From Four Standard Super D Connector Sizes... 
9 (on left), 15, 25, and 37 (right) contacts. 
oth 





A unique all plastic snap-locking 
connector system that costs less 


and does more than standard D-Subs. 


Here’s Why 
Super D* is 
“The D With 
The Difference”. 


Different? You bet! TRW Cinch’s all 
new Super D connector system has 
the exclusive design features and 
cost-saving benefits that move it to 
the top of any D-Sub line! 

Let’s begin with cost savings. 
Most D-subs require soldering or 
crimping. Not Super D connectors. 
Our new pre-loaded pin/socket con- 
tacts provide solderless insulation — 
displacement 4-point termination. 










This unique contact also gives you 
twice as many contact points at mat- 
ing end as other D-sub designs. All 
without wire prepping or stripping. 
Result? Immediate assembly time 
reduction and a positive cost sav- 
ings with increased reliability! 


But that’s not all! Besides fast, sol- © 


derless termination, Super D con- 
nectors also have snap-on plastic 
hoods that feature an exclusive © 

Latch-N-Lock design for positive, 
audible locking with no additional 
tools, parts or labor. Just push to 

connect, Squeeze and pull to dis- 


- connect. It’s that easy! 


To convert standard TRW Cinch 
D-subs to the Super D system, ask © 
us about our special adaptor system 


for D-type connectors. 


Looking for style and design? | 
Look no further! Super D’s cost- 
effective all-plastic assembly is both 


_ smooth and functional to comple- 


ment the styling of your computer, 


| peripheral, data communication, in- 


strumentation or video equipment. 













This plastic design effectively in- 
Sures against shock hazards. 

Super D connectors employ 
selective gold plating only where itis 
needed. We've eliminated expen- 
sive gold from non-functioning sur- 
faces. So you get performance with- 
out added cost. 

The Super D connector is avail- 
able in four sizes (9,15, 25, and 37 
contacts) for cable-to-cable and 
cable-to-panel modes. Each will 
intermate with existing D-type con- 
nectors. And, you'll be glad to know 
that the Super D system is designed 
to meet EIA Standard RS449 plus 
[S04902 and 4903 for your DTE and 
DCE equipment. 

To further speed your termination 
time, TRW Cinch has designed three 
terminating tools specifically for the 
Super D connector system. Use 
Auto-Clinch D* for high volume; 
Certi-Clinch D* for moderate pro- 


- duction and field installation; and 
~ Uni-Clinch D for field repair. 


So take a long, hard look at the 
D-subs you're using now. Then, take 
a look at Super D connectors. There 
is a big difference! To get the Super 


-Ddifference, write or call your TRW 
§ Electronic Component Sales Office 
_ §...listed in EEM, or TRW Cinch Con- | 
: nectors, ADivisionofTRWInc.,1501 
ff Morse Avenue, Elk Grove Village, te ae . 
| 60007. 312/981 -6000  - 





Unsure About 
Dynamic 
RAMS Timing 
In Your Memory 
Boards? 


beh aed 
RES 





Control It With 
Our Digital Delay 
ER cass Oss Devices 


Inc. offers the widest variety of 
Digital Delay Units. 14 pins DIP and 
16 pins DIP. 1 to 10 outputs and digi- 
tally programmable delay time. 
These units eliminate the interfacing 
in TTL circuits and save PC board 
real estate. 


_ With the following advantages: 











# Fast rise — Time on 
all taps 


# Each tap isolated with 
TTL Fan-out capabilities 


= Exact delay at each tap 
# 2,000 NS total delay 


385 Lakeview Avenue 


Clifton, New Jersey 07011 


GeEVICESY inc. 


(201) 772-1106 = TWX 710-989-7008 
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Analog Circuits 


Complete 12-bit DAC 
interfaces to .P data bus 


Beckman Instruments, 2500 Harbor 
Blvd., Fullerton, CA 92634. (714) 
773-7874. $24.50 (100 qty). 

A complete 12-bit DAC, Model 
7581C, uses programmable input reg- 
isters for serial or parallel data 
transfer to 8, 12 or 16-bit micro- 
processor data buses. External connec- 
tions allow selection of standard out- 
put voltage ranges of 0 to 5 V, 0 to 10 
V, +2.5 V, +5 V or +10 V. The unit 
contains input registers, an R-2R lad- 
der network, switches and level shif- 
ters, a reference and an output buffer 
amplifier—all in a 36-pin package. The 
device operates with power supplies 
ranging from +12 to +17 V and can 
be directly driven by TTL or CMOS 
logic. Model 7581C provides access to 
voltage reference of 8.5 V, 6.5 V and 
—8 V for system use. 

CIRCLE NO. 347 


Regulator limits dropout 
to reduce power waste 


National Semiconductor, 2900 Semi- 
conductor Dr., Santa Clara, CA 95051. 
(408) 737-5000. P&A: See text. 

A series of three-terminal positive 
voltage regulators, the LM330 and the 
LM2930, keep internal voltage drop to 
only 0.6 V to reduce power dissipation 
in the regulator. This means easy heat 
sinking and lower operating tem- 
peratures. Each device in the series 
features reverse battery protection, in- 
surance against damage from negative 
voltage inputs. The LM2930 has in- 
ternal 40-V load dump protection. This 
device, with an operating range of —40 
to +85 C, is especially suited to auto- 
motive use. The LM330 is intended for 
commercial use and comes in a plastic 
TO-220 package with a fixed 5-V out- 
put. The device has an operating tem- 
perature range of 0270 C. LM2930 is 
offered with fixed outputs of 5 or 8 V 
and comes in a plastic TO-220 case. In 
quantities of 100, LM330 sells for $0.85; 
LM2930, $0.90. 
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Instrument amp input 
programs via resistors 





National Semiconductor, 2900 Semi- 
conductor Dr., Santa Clara, CA 95051. 
(408) 737-5000. $39.50; 6 wks. 

A hybrid instrumentation amplifier, 
LH0084, features programmable gain 
settings established by laser-trimmed 
thin-film resistors. The device is in- 
tended for high-speed, multiplexed 
data acquisition systems. Typical set- 
tling time to 0.01% is only 5 us. Input 
impedance is 10!! 2; typical gain drift, 
1 ppm /°C. The 16-pin device contains 
two sections. The first contains a pair 
of programmable variable-gain 
amplifiers with FETs at each input. 
This is followed by a differential-to- 
single-ended output stage with pin- 
programmable gain. Film resistors es- 
tablish gains of 1, 2, 5 or 10 at the input 
while pin-strapping yields gains of 1, 
4 or 10 at the output. 
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A/d converter conditions 
strain gauge output to uC 





Acrotech, 1160 E. Ash Ave., Fullerton, 
CA 92631. (714) 879-8470. $425. 

An a/d converter, P/N 50048, pro- 
vides a direct interface between a 
strain gauge and a microcomputer—all 
on a single card. Ratiometric operation 
minimizes transducer excitation sup- 
ply stability requirements. Convert 
and three-state output-to-bus com- 
mands are addressable. The converter 
needs only a single 5-V dc supply. 
Resolution is 0.025% for a 2 mV/V 
transducer signal. 
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Components 


Tiny switches mount 
directly to PC boards 






Intersuntch, 770 Airport Blvd., Burl- 
ingame, CA 94010. (415) 347-8217. 
Tiny rotary and thumbwheel 
switches mount directly to PC boards. 
GWS series thumbwheel switches 
come with 10 or 16 positions and with 
a choice of six different coded ouputs 
and two wheel colors. A choice of mark- 
ings allows mounting of the switches 
in any orientation. GRS_ rotary 
switches are offered in a variety of 
codes and can be mounted parallel or 
perpendicular to a board. The parts are 
also mountable on front panels. 
CIRCLE NO. 355 


LED indicators light 
PC mounted switches 





Industrial Devices, 7 Hudson Ave., 
Edgewater, NJ 07020. (201) 224-4700. 
$0.39 (1000 qty); stock. 

Bright LED indicator-light as- 
semblies, Series 5330 and 53831, il- 
luminate PC-board mounted rocker, 
toggle and pushbutton switches. Series 
5330 devices fit panel-hole openings 
and Series 53831 LEDs backlight panel 
overlays. Both types press into holes 
on a board or into a switch bezel. A 
mounting base includes a board stand- 
off to prevent flux entrapment and 
permit easy cleaning. Molded-in base 
pins are used for exact positioning and 
fast hand insertion. Series 5330 in- 
dicators use wide-angle LEDs while 
5331 types incorporate narrow-beam 
LEDs. All LEDs are available in red, 
green and yellow colors. 
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Command the rf power 
you really need. 


You may need it to drive an ultrasonic 
transducer. Or deliver cw or swept fre- 
quency signals atausablefield strength 
for rfi susceptibility testing. Or for NMR 
research involving both broadband and 
high-power capabilities. 

In any event, you needn't look be- 
yond Amplifier Research for the right 
answers. Bandwidths? Choose from 
sub-octave to five-decade models with 
top frequencies up to 1 GHz. Output 
power? How’s one watt up to 10 kW? 

AR amplifiers are unconditionally 
stable, immune even toworst-case load 
mismatch such as infinite VSWR or 
shorted or open output terminals with- 


7334 ©ar 





out damage to themselves or shutdown 
of the system. And their full bandwidth 
is instantly available—no tuning or sys- 
tem adjustments needed for continuous 
or automatic sweeping. 

When you command your rf power 
from AR, the chances are very good that 
we'll have whatever combination you 
seek—clean bandwidth, reliable output 
power, linearity as needed, 
pulse capability, adjust- 
able gain—often in an 
amplifier about half the 
size of its nearest 
“competitor.” 


SEND FOR FREE BOOKLET 





AMPLIFIER 








High-Power 
People 


160 School House Road, Souderton, PA 18964 


219-/23-8181 » TWX 510-661-6094 
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components 


Sensor chip spots destructive 
moisture in IC packages 


Panametrics, 221 Crescent St., Wal- 
tham, MA 02154. (617) 899-2719. P&A: 
$6 (5000 qty.); 4 wks. 

Installed within the package of a 
microcircuit, the Mini-Mod-HT sensor 
determines the moisture levels and 
hermeticity of the device. The tiny (60 





GENERAL SCANNING STRIP CHART 





xX 60-mil) sensor chip checks moisture 
levels throughout the manufacture, op- 
eration and shelf-life of an IC—giving 
advance warning of device failure at a 
low cost and chopping weeks off the 
time required for mass spectrometry 
testing. 





RECORDERS MEET VIRTUALLY 





When it comes to thermal writing 
Strip Chart Recorders, check with General 
Scanning where you will find the widest 
choice of field-proved designs available 
anywhere. 

Depending upon the application, 
OEM modules can be provided for integra- 
tion into your product, or packaged record- 
ers supplied to meet most field or 
laboratory requirements. Channel 
widths of 20, 40, 50, 80 or 100mm 
are available for either con- 
tinuous roll or fan-fold paper. 
Velocity feedback or closed 
loop operation can be 
selected depending upon 
power consumption and 
dynamic performance 


requirements. 
And, you 
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EVERY RECORDER NEED. 














Sirs, 
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can specify from one to eight recording chan- 
nels with a choice of multiple chart speeds 
plus a list of options that includes alpha- 
numeric printheads, event markers and 
paper takeups. 

Using a building block approach, 
General Scanning creates customized 
designs to meet your most stringent 
application requirements. 

For complete informa- 
tion, circle the readers service 
number or write today, General 
Scanning Inc., 500 Arsenal 
Street, Watertown, MA 02172, 
Telephone (617) 924-1010. 


rt 





GENERAL SCANNING INC. 





The sensor consists of an aluminum 


base and an anodized, porous, oxide 
layer covered by a thin film of gold. The 
base and the gold form the electrodes 
of, essentially, an Al.O3 capacitor. 

Water-vapor molecules transport 
through the gold layer and equilibrate 
on the pore walls of the oxide. The 
number of water molecules absorbed 
on the oxide affects the impedance of 
the pore wall. An hygrometer, such as 
the Model 771, reads out the moisture 
level directly. 

The sensor operates with good repro- 
ducibility, even after being subjected 
to sealing temperatures as high as 500 
C. Only one bond wire is needed when 
the chip’s substrate is continuous to a 
pin connection. 
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Wet tantalum caps give 
high capacity in small area 





Plessey Capacitors, 5334 Sterling Cen- 
ter Dr., Westlake Village, CA 91361. 
(213) 889-4120. 

W18 series wet tantalum capacitors 
offer large values of capacitance in 
minimum space requirements. The wet 
slug units, in either PC-mount or stud- 
mount versions, have no metal migra- 
tion. Standard range is 47 to 1200 uF 
in models from 6 to 125 V dec. The 
capacitors are manufactured to meet 
the requirements of MIL-C-83500/1 
and satisfy the need for an input and 
output filter in static inverters, pulse- 
modulated and switching regulators 
and other power supply applications. 
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Low ESR cuts losses in 
ceramic chip capacitors 





Centre Engineering, 2820 E. College 
Ave., State College, PA 16801. (814) 
237-0321. 12 wks. 

Reduction of heating losses, the re- 
sult of low equivalent series resistance 
(ESR) in HF series ceramic chip capaci- 
tors, cuts signal losses. The parts satis- 
fy high-frequency requirements above 
100 MHz. ESR values are in the range 
of 0.05 2. With lower signal attenua- 
tion, less stages of amplification are 
required in rf amplifiers. Standard 
chip sizes include 0.08 X 0.05 in. and 
0.125 X 0.095 in. 
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Regulating diodes tackle 
currents to 50 mA 





on 


x 


Teledyne Crystalonics, 147 Sherman 


St., Cambridge, 
491-1670. 

CIL350 series regulating diodes han- 
dle currents from 11 to 50 mA with 
peak operating voltages of 45 V. 
Tempco is low, typically 600 ppm/°C 
from —55 to +25 and 220 ppm/°C from 
+25 to +125 C. The diodes come in 
hermetically sealed, two-lead TO-5 
cans. The devices work as stable cur- 
rent references for TC zeners, to pro- 
vide high stability biasing for os- 
cillators and for protection for ICs. 
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MA 02140. (617) 


DOSC Introduces 
THE MOST POWERFUL MICROCOMPUTER 


AVAILABLE 


48K RAM (64K optional) 
with sockets available for 
up to 146K PROM 


Strobed or Scanned 
Keyboard Interface 


Serial |/O Port 


Intel Multibus'’ Compatibility 


One Board Does It All... 
Complete as a stand-alone or used with 
Intel's Multibus'’, the TCB-85 combines out- 
standing performance and reliability with 


TODAY! 














Pe: 


an impressive variety of features. . .all in 


one compact, low priced package. 


In addition to an extremely powerful I/O 
capability and high level of integration, 
the TCB-85 is capable of supporting CP/M 
and PASCAL with DOSC PROMs. 


The TCB-85 uses the Intel 8085A CPU and 
can optionally be ordered with the intel 


8085A-2/10 MHz CPU. 





Piezo alarms sound off 
in clocks, calculators 






Murata, 1148 Franklin Rd., S.E., 

Marietta, GA 30067. (404) 952-9777. 
A line of piezoelectric audio alarms 
generate high outputs at relatively low 
power inputs. The devices are suited 
for used in low-power semiconductor 
circuits, such as watches, calculators, | 
data processing units and telephones. 
The units are offered with or without 
feedback tabs and can be externally 
excited or self-excited as the applica- 
tion dictates. Leaded and unleaded ver- 
sions are available. Typical dimensions 
range from 200 to 35 mm diameter with 
an overall thickness of approximately 
0.6 mm. Resonant frequencies range 
from 2.2 to 6.3 kHz with a maximum 

input voltage rating of 30 V pk-pk. 
CIRCLE NO. 360 


SEE US AT NCC Booth #3419 


TCB-85/ 
Total Computer Board 


Dual-Density/Double- Sided 
Floppy Disk Controller 


Programmable CRT Controller 
Parallel Printer Interface 


Programmable Interrupt Controller 


Evaluation units are now available for 
immediate delivery and priced at just 
$1275 in quantities of 100. 


Get All the Details Now! 
Contact Alex Newman at (516) 621-6640 


LJ eae 


DEM PRODUCTS DIVISION 


175 1.U. Willets Road, Albertson, NY 11507 


1M Trademark Intel Corporation 
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Components 


Micromini trim pots 
measure 1/4 in. on a side 


fe: 


Murata, 1148 Franklin Rd. SE, 

Marietta, GA 30067. (404) 952-9777. 
Microminiature trimming poten- 
tiometers, RVA 0607 Series, measure 
only 1/4 in. on a side. The parts are 
offered in resistance ranges from 
200 2 to 2 MQ and with 30% tolerance. 
Power rating is 1/10 W; voltage rating, 
50 V de. Standard resistance taper is 
linear over the unit’s full 280° rotation. 
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500-V MOSFETs handle 
high-power jobs 


International Rectifier, 233 Kansas St., 
El Segundo, CA 90245. (213) 772-2000. 
$18.20 to $30.40 (TO-3); $12.00 to $27.40 
(TO-220) (100 qty). 

High-voltage MOSFETs, additions 
to the HEXFET line, go to work in 
motor controls, inverters, choppers, 
audio amplifiers and high-energy pulse 
circuits. [R430 and IR830 series devices 
cover a 60 to 500-V range and offer such 
advantages over bipolar devices as 
voltage control, high input-impedance, 
fast response, freedom from secondary 
breakdown and easy paralleling. Elec- 
trical characteristics include a min- 
imim gate threshold voltage of 1.5 V, 
a typical off-state drain current of 0.1 
to 0.2 mA and a forward trans- 
conductance of 1.5 to2.5S. Input capac- 
itance is typically 700 pF. The highest 
rated device in the series is the IRF 430 
which operates at 500 V with a con- 
tinuous drain current of 3.5 A or a 
pulsed current of 6 A. On -resistance 
is 1.5 Q. Maximum power dissipation 
for all devices is 75 W. TO-3 and 


TO-220AB packaging are available. 
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Proteus introduces a new fluid-flow switch to 


Protect Water Cooled Equipment 


Brass or stainless 
steel body: accepts any 
fluids which are com- 
patible with nylon, 
nickel, plexiglas and 
Buna-N materials. 


Low flow range—0./ 
GPM to 1.0 GPM 


Electronic mounting— 
may be mounted on or 
away from the body of 
the switch. 


Potentiometer—sets the 
infinitely adjustable 
relay trip point. 


Magnetic rotor: 
Constant flow keeps it 
spinning; no flow 
triggers an alarm. 


High flow range—0.8 
GPM to 7GPM 


Clear Plexiglas™ 
window: displays the 
rotor to tell you if the 
fluid is flowing. 
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Inquire about our Model 200 high flow rate switch. 
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Piezo ceramic buzzer 
generates multitones 





Panasonic, One Panasonic Way, 
Secaucus, NJ 07094. (201) 348-7282. 
$0.40 to $0.50 (OEM qty); 8 to 13 wks. 
A piezoelectric ceramic buzzer ele- 
ment, EFB-S19A01CE, generates a 
number of tones, depending on the 
applied signal frequency. When driven 
by a 10-V pk-pk square wave, the 
element produces a sound pressure 
level of 80 to 95 dB over a range of 500 
to 5000 Hz at a distance of 10 cm. 
Resonant frequency is 1.9 kHz; reso- 
nant impedance, 480 2 maximum; elec- 
trostatic capacitance, 70,000 pF at 0.12 
kHz. The device operates from a 6-V 
pk-pk input. Dimensions are 35 mm by 

only 1 mm. 
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It checks itself 
sO YOU 


won't have to. 


Our retrofitable Model 100 Fluid 
Flow Switch is an active switch. 
The constant flow of fluid keeps 
the magnetic rotor spinning.So, 
if it quits, it blows the whistle on 
itself. An inexpensive way to 
protect your expensive equipment. 
The Proteus flow switch trips a 
relay when the flow of fluid in 
your system falls below or rises 
above your preset level. What’s 
more, you can 
continuously adjust 
this level from 
.1 GPM to 7 GPM. 


Please write or 
call Jon Heiner 
at Proteus 
| Industries Inc. 
897 Independence Ave., Suite 4H 


Mountain View, CA 94043 
(415) 964-4163 


Proteus 
Industries Inc. 
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Don't settle for words when you need 
audio power amplifiers. Call Sprague. 


We do more than talk about deliveries when them. The table below gives you a preview of 
you order audio power amplifiers. We deliver types currently available: 


TYPICAL ENGINEERING 
PACKAGE TYPE Vcc Pour (typ.) APPLICATIONS BULLETIN 
ULN-2274B Dual amplifiers for 27117.05D 
ULN-2274B-1 stereo phonographs 
ULN-2278B & radios; 
ULN-2278B-1 industrial equipment 
ULN-2280B 9-26V 2.5W Consumer, automotive, & AIT 4t74N 
14-lead DIP ULN-2281B 9-32V 4.0W communication products 
iP 


ULN-2283B 3-15V 1.2W 
ULN-2283B-1 3-18V 1.2W 
8-iead D 


8-28V 10W 
8-40V 10W 


For Engineering Bulletins on the types in For application engineering assistance, For the name of your nearest Sprague 
which you are interested, write to: Techni- write or call Roger Mailloux or Ray Dewey, Semiconductor Distributor, write or call 
cal Literature Service, Sprague Electric Sprague Electric Company, Semiconductor Sprague Products Company Division, 
Company, 347 Marshall St., North Adams, Division, 115 Northeast Cutoff, Worcester, North Adams, Mass. 01247. Telephone 
Mass. 01247. Mass. 01606. Telephone 617/853-5000. 413/664-4481. 


FOR FAST INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE: 4$$-9135R3 


ALABAMA, Sprague Electric Co., 205/883-0520 e ARIZONA, Sprague Electric Co., 602 244-0154; 602 966-7233 e CALIFORNIA, R. D. Miner Co.. 714 421-5586: Wm. J. 
Purdy Co.. 415/347-7701 e COLORADO, Wm. J. Purdy Co.. 303 777-1411 @ CONNECTICUT, Sprague Electric Co. 203 261-2551: Ray Perron & Co.. Inc.. 203 268-9631: 


203'673-4825 © DIST. OF COLUMBIA, Sprague Electric Co. (Govt. sales only), 202-337-7820 ¢ FLORIDA, Sprague Electric Co. 305 831-3636 ¢ ILLINOIS, Sprague Electric @) 
Co., 312'296-6620 ¢ INDIANA, Sprague Electric Co., 317 253-4247 © MARYLAND, Sprague Electric Co . 301 792-7657 « MASSACHUSETTS, Sprague Electric Co.. 
617 899-9100: 413/664-4411: Ray Perron & Co., Inc., 617'969-8100 e MICHIGAN, Sprague Electric Co.. 517 787-3934 e MINNESOTA, HMR. Inc.. 612 831-7400 e MISSOURI, 



















Low cost phonographs & 27117.21 


radios (battery operated) 









\ 








ULX-37012 27117.31 


ULX-3702Z 


Auto radios, tape 
players, & CB sets 










HL 
5-lead TO-220 


Sprague Electric Co.. 314'781-2420 e NEW HAMPSHIRE, Ray Perron & Co.. Inc.. 603 742-2321 e NEW JERSEY, Sprague Electric Co.. 201 696-8200; 609. 795-2299: Trinkle 
Sales Inc., 609/795-4200 « NEW MEXICO, Wm. J. Purdy Co., 505/266-7959 e NEW YORK, Sprague Electric Co_. 516 234-8700: 914 834-4439: 315 437-7311: Wm. Rutt, 
Inc.. 914/834-8555; Paston-Hunter Co., Inc., 315'437-2843 e NORTH CAROLINA, Electronic Marketing Associates. 919 722-5151 e OHIO, Sprague Electric Co.. 513 866-2170: 
Electronic Salesmasters, Inc.. 800/362-2616 © PENNSYLVANIA, Sprague Electric Co.. 215-467-5252: Trinkle Sales inc. 215 922-2080 e SOUTH CAROLINA, Electronic THE MARK OF RELIABILITY 
Marketing Associates, 803/233-4637 e TEXAS, Sprague Electric Co., 214 235-1256 e VIRGINIA, Sprague Electric Co_. 703-463-9161 e WASHINGTON, Sprague Electric Co.. 

206/632-7761 e CANADA, Sprague Electric of Canada. Ltd.. 416. 766-6123 or 613. 238-2542. 





a subsidiary of GK Technologies 


Incorporated 
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HP—When you depend on logic 





and have a 
little fun while youre 


at it. 


fe) 
ncentrate on challenging software and hardware 
problems . . "HP's 64000 Logic Development System. It 
brings minicomputer programming features to micro- 
computer development for faster, easier and more enjoy- 
able software development, hardware emulation and 
system analysis. And because it’s a universal system, you 
can use it with today’s most popular microprocessors. 





 - MICROPROCESSORS NOW SUPPORTED BY HP’s 64000 


Full Macro Full Macro 
Microprocessor Suppor Assembler Microprocessor c,.44« Assembler 
Support Support 
1802 a 8085 aw 
6800 w 9900/9940/9980 a 
6801/6802 a F8/3870 ad 
6805 aw 280 aw 
6809 uw 8086 
8021 a 68000 
8022 ‘ail 28000 
8035/8039 a 
8041/8741 vd 
8048/8748 a 
8049 Pd 
8080 we 


*Includes macro assemblers, linkers, emulation and analysis. 


Put your fingers on a “soft key” 

One of the system's key features is its ability to help 
you make decisions. At power up, for example, soft keys 
(keys whose functions are defined by CRT labels) give 
you a choice of 17 development functions, including edit, 
compile, assemble, link, emulate, PROM program and 
more. Pressing the edit key and typing in the name of 

a previously stored file result in a program listing and soft- 
key choices that simplify program editing, (shown above 
right). The CRT even flashes momentary directed-syntax 
messages to guide you in proper command entry. 

The combination of minicomputer power and directed 
syntax using soft keys means you spend less time memo- 
rizing syntax, referring to instruction manuals, doing 
routine searching and entering line-by-line program 
changes. The 64000 handles most of those routine tasks 
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so you can concentrate on the real problems. And that’s 
true in assembling, linking, emulating and other develop- 
ment modes as well. 


Work with a friend... or five 


With HP’s 64000, serial development is a thing of the past. 
Now, up to six team members can do software develop- 
ment and/or real-time emulation simultaneously. And 
each has immediate access to the latest version of soft- 
ware. That's because the 64000 has a hard disc that 
provides a common data base for all operators. 

To assure. accurate, real-time emulation, the 64000 
has separate buses and memory for both the host and 
target processors. In addition, we use high-speed memory. 
As a result, there’s no contention problem and your 
system runs at operating speed with no wait-states. 

Of course there’s much more to the 64000, including 
a wide choice of PROM programmers, up to 128K of 
emulation memory, an optional analyzer that gives you a 
real-time, transparent view of bus activity, and architecture 
powertul enough to adapt to future processor trends 
such as increased speed and bus width. Price for a mini- 
mum operating system is $18,500.* 

Find out how much fun microcomputer development 
can be. For a copy of the HP 64000 brochure, write to 
Hewlett-Packard, 1507 Page Mill Road, Palo Alto, CA 
94304. Or call the HP regional office nearest you: 

Fast (201) 265-5000, West (213) 970-7500, Midwest 
(312) 255-9800, South (404) 955-1500, 
Canada (416) 678-9430. 


*Domestic U.S.A. price only. 
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...the easy way in. 


Electro/80 is the East's largest high-technology electronics convention and 
hands-on demonstrations of new products and systems, and exploration of 
an embodiment of the Electro/80 theme: ‘‘Electronics Leads the Way.” 


Save time and money by registering in advance. Complete the registration form below and mail it, 
together with a check for $4 if you are an IEEE or ERA member, $9 if you are not, before April 18. 
You'll receive an embossed admission badge before Electro opens, May 13, entitling you to speedy 


entrance into Electro. 
The pre-registration price is $1 less than at-the-door admission. 


Mail the registration form today to: Electro/80, 999 North Sepulveda Boulevard, El Segundo, CA 90245. 


Clip and Mail L=~Y Today $4/Electro/80 


ADVANCE REGISTRATION FORM 


y | 
Enclose check with this form 
1’ Electr O/ SO for pre-registration: 
4 |EEE/ERA Members; 
Electronic Show and Convention $ $9 Non-members. 


Boston — Hynes Auditorium Mail to: Electro, P.O. Box 92275 
May 13—15, 1980 Los Angeles, CA 90009 


Please PRINT as you want shown on badge. Orders filled until April 18. 
Form must be completed for registration. 
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Position Telephone (OPTIONAL) 
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Engineering/ manufacturing technician 


exhibition. Three days of 
leading-edge technology in 


May 13-15, 1980 
Boston, Mass. 
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Sponsored by Central New England Council and METSAC Section, IEEE & and New England and New York Chapters, ERA aip> 
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Components 


High-value caps top 100 F 
in circuit-board size parts 





Panasonic, One Pansonic Way, Secau- 
cus, NJ 07094. (201) 348-7270. Stock to 
12 wks. 

Extremely high capacitance values, 
from 1 to 100 F, are offered in circuit- 
board size units called “Gold Capaci- 
tors.” A 10-F capcitor, for example, 
measures only 1.46 in. long and has a 
diameter of only 0.51 in. Specifications 
for a 10-F unit include a WVDC of 1.6 
V, a tolerance of +20%, internal im- 
pedance of 1 2 at 1 kHz and 20C, a 
minimum leakage current of 1 mA 
after 10 min. at rated WVDC and an 
operating temperature range of —20 to 
+70 C. High capacitance values are 
achieved via a proprietary technique 
based on the use of a liquid electrolyte 
and double-layer foil. 

CIRCLE NO. 364 


Opto-coupled ac relay 
takes logic-level input 


Power Interface, 3350 Scott Blud., #34, 
Santa Clara, CA 95051. (408) 727-1991. 


Conductive plastic pot 
bests carbon types 


Bourns Controls, 1200 Columbia Ave., 
Riverside, CA 92507. (714) 781-5805. 
$0.91 (5000 qty); 12 to 14 wks. 

An industrial-grade control poten- 
tiometer, Model 91/92, uses a conduc- 
tive plastic element for good per- 
formance at the cost of lower per- 
formance carbon types. The parts 
measure only 5/8 in. on aside and come 
with pin terminations for PC-board 
mounting or solder lugs. The resistive 


element is formed on a substrate of 
Ryton or diallyl-phthalate plastic. Con- 
tact resistance variation is specified at 
+1% maximum for linear and audio 
tapers. Standard tolerance is +20%, 
with +10% optional. Tempco is within 
+1000 ppm/°C over a —55 to +125-C 
range. Resistance change resulting 
from humidity soak is less than +10%. 
Standard resistance values range from 
250 2 to 5 MQ in linear-taper devices 
and from 1 kQ to 1 MQ in audio-taper 
versions. 
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SWITCHERS 


are 


NO GLITCHERS 
The Qhiet Ones 


Current fed drivers 

DM filters 

CM filters 

dv 

qt uobers 

dt limiting 

e Shielded case 

e Spike limiting varistors 
e No fans 


1 TO 4 OUTPUT SWITCH MODE POWER SUPPLIES— 


e Stock 


TO 320 WATTS 


e Exclusive Variable Power Partitioning 
e Low cost 
e 3 year warranty 


$4.51 (1000 qty); stock to 6 wks. 

An optically coupled ac solid-state 
relay (SSR), designated SK2110, ac- 
cepts logic-level 5-V inputs. The input 
uses a GaAs LED while the output 
contains two back-to-back SCRs. The 
circuit operates at zero voltage turn- 
on and zero current turn-off of the 
SCRs. High immunity is provided 
against transients in the ac load 
circuit. Off-state blocking voltage is 
400 V; dv/dt rating, 100 V/us; input- 
to-output isolation, 2500 V ac..Con- 
tinuous output rating is 0.5 A. The 
device comes in an 8-pin epoxy DIP. 

CIRCLE NO. 365 


e UL 478 
e All outputs highly regulated 


COMPLETE POWER SUPPLIERS 


~ Switcher y Ferro STANDARDS—CUSTOMS 
y Linear ~ SCR 
Dettrori inc 
> 


Wissahickon Avenue e North Wales, PA 19454 
Tel: 215/699-9261 Twx: 510/661-8061 
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Power-MOS solid-state relays 
respond quickly to TTL signals 





Theta-J Corp., 208 W. Cummings Park, 
Woburn, MA 01801. Al Mulica (617) 
935-7600. P&A: See text. 

A new family of solid-state relays 
harnesses the fast switching speeds of 
power-MOS devices to the high isola- 
tion of optocouplers. Just introduced 
by Theta-J (Electronic Design, March 
29, 1980, p. 60), the OptoMOS family 
of SSRs will respond within 0.1 ms to 
low-level TTL signals and will switch 
high-voltage and current loads with 
minimal on-resistance. The low-cost 
semiconductor devices keep per- 
forming through billions of operations. 

The OptoMOS couplers are among 
the few solid-state switches capable of 
handling both ac and de currents. The 
OptoMOS device, therefore, comes 
close to being the “universal switch” 
relay users have been seeking. 

The first products from Theta-J to 
employ the new OptoMOS technology 
are the OFM-1A, OFM-2A and 
OFM-2C, in miniature six-pin DIP 
packages. The OFM-1A responds to 
TTL signals of approximately 15 mA 
at 5 V and accommodates loads up to 
250 mA at 300 V, ac or de. The OFM-2A 
controls higher current loads, up to 500 
mA at 60 V. The OFM-2C is similar to 
the OFM-2A, but it has an unusual 
SPDT solid-state switching arrange- 
ment. 

Switching speeds for the SSRs are 
less than 100 ws max, and, in some 





Stephan Ohr 
Components Editor 
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cases, as low as 10 ws. Each device can 
be externally programmed for some- 
what different speeds at turn on and 
turn off. SSRs that turn off slightly 
faster than they turn on are useful in 
ATE, IC testing and other applications 
that require make-before-break con- 
tact. 

The OptoMOS SSRs provide isola- 
tion greater than 2500 V between con- 
trol and load circuits (though they have 
been successfully tested up to 5 kV). 
With full voltage across the load side 
of the SSR, the off-state resistance is 
better than 1000 MQ, which approaches 
the open-circuit resistance ratings of 
10!! and 10!? Q of reed relays. 

OptoMOS’s impressive numbers re- 
sult from the combination of op- 
tocoupling with photovoltaics and 
power-MOS technology. At the input of 
the OptoMOS relays, a custom-made 
high-brightness GaAlAs LED re- 
sponds to TTL signals at +5 V. The 
light output is directed through a 
specially-designed light pipe to a 
photovoltaic generator. 

Sixteen diodes generate about 0.55 V 
each, producing a 9-V potential to the 
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gate of a vertical DMOS power chip. 
All the power to drive the dual gates 
of the output device comes from the 32 
diodes in a monolithic 0.040 xX 0.080- 
in. chip (shown in the wafer photo 
above). Because of its dual-gate struc- 
ture, the MOSFET chip conducts cur- 
rent in either direction. _ 

In practice, the OptoMOS devices can 
replace reed relays in flying-capacitor 
circuits and other switching configura- 
tions on analog I/O boards. Because of 
their current capabilities, the Op- 
toMOS parts can effectively replace 
SSRs in telecommunications applica- 
tions and handle 48-V de central-office 
switching. The OptoMOS devices can 
also enhance the performance of me- 
chanical relays. The OptoMOS part, for 
example, could perform the fast 
switching, while the mechanical device 
carries the sustained load. 

In lots of 1000 the OFM-1A and 
OFM-2A devices are $4.00 each and the 
OFM-2C devices are $6.00 each. 
Samples are available from stock, and 
delivery on production quantities is 
from four to six weeks. 
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Components 


Thin-film resistor networks 
set ADC input range 





Beckman Instruments, Inc., Network 
Products Operations, 2500 Harbor 
Blvd., Fullerton, CA 92684. Steve Ford 
(714) 871-4848. P & A: See text. 

A series of thin-film resistor net- 
works—each providing four separate 
high-precision resistors in one min- 
iature 8-pin DIP—is specifically de- 
signed to provide input range-setting 
functions for data converters. Coupled 
with data converters, the 694-3 net- 
works provide a convenient way to set 
the analog input range of an a/d con- 
verter, or the output gain of a d/a 
converter. 

The four 10-kQ thin-film resistors in 
each network are vacuum-deposited 
with Beckman’s proprietary process. 
Resistance tolerance for each resistor 
is within +0.5% for the D networks, 
and +0.1% for the A types, both at 26 
C. Resistance matching for each re- 
sistor is within +0.1% for the D group 
and +0.05% for the A group. 

Temperature coefficients for the re- 
sistors are better than +50 ppm/°C. 
Operating temperature range is from 
—65 to +125 C. Interlead capacitance 
is less than 2 pF, while power-handling 
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capability is up to 0.15 W for each 
resistor and up to 0.5 W for the entire 
package. In addition, each resistor has 
a voltage rating of 100 V. 

Needless to say, thin-film resistors 
produce very little noise: The noise 
level of the 694-3 series networks, in 
fact, is better than 40 dB below the 
signal level, as measured according to 
MIL-STD-202, Method 308. 

In fact, all the figures for the 694-3 
networks are impressive. MIL-R-83401 
establishes the limits of resistance 
shift under a variety of environmental 
conditions: +0.25% max shift after 
thermal shock; 0.5% max shift after 
power conditioning; 0.1% max shift 
after low-temperature operation and 
0.1% max shift after short-term over- 
load. Other numbers include 0.4% max 
shift after high moisture; 0.25% max 
shift after shock or vibration and 0.2% 
max shift after high temperature expo- 
sure. 

Prices are $1.05 each in lots of 1000 
for the D networks, and $1.55 each for 
the A networks. Delivery is stock to six 
weeks. 
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Now... 


the only 
RF power 
amplifier you 
may ever need. 


The new ENI 550L 
delivers 50W, 1.5-400 MHz. 


BO WATTS LINEAR 


® 9 


This single unit is so incredibly 
versatile it can replace several 
you may be using now. And you 
may never need another. It’s an 
extremely broadband high 
power, solid state, Class A linear 
amplifier. It's rated at 5O0W from 
1.5-400 MHz. But it can provide 
100 Watts from 1.5-220 MHz. 
All you need with the 550L is 
any standard signal or sweep 
generator and you ve got the 
ultimate in linear power for such 
applications as RFI/EMI testing, 
NMR, RF Transmission, 
ultrasonics and more. 

And, like all ENI power ampli- 
fiers, the 550L features uncon- 
(ofhdfeyar=] mie] 0) /1a/anlanie-laie-lalereleks 
failsafe provisions, and absolute 
protection from overloads 
and transients. 

The 550L represents the pinnacle 
in RF power versatility. There's 
nothing like it commercially avail- 
able anywhere! And it may be 
the only RF power amplifier 
you ever need. 

For more information, a demon- 
stration, or a full line catalog, 
please contact us at ENI, 3000 
VW/inton Road South, Rochester, 
NY 14623. Call 716/473-6900, or 
telex 97-8283 ENI ROC. 


The advanced 
design line of 
power amplifiers 





CIRCLE NUMBER 157 3 
233 





( 
| 
| 





Components 


SAW delay lines end 
tuning problems 





Rockwell International Filter. Prod- 
ucts, 4811 Jamboree Rd., Newport 
Beach, CA 92660. (714) 833-4324. 

A family of surface acoustic-wave 
(SAW) dispersive delay lines (DDLs) 
eliminates the complex tuning pro- 
cedures associated with other techni- 
ques. The devices come with center 
frequencies of 30 to 300 MHz and 
bandwidths of 10 to 50%. Differential 
time delays are 0.5 to 20 us. Applica- 
tions include radar, microscan re- 
ceivers, frequency synthesizers, ECM 
recelvers and spread spectrum com- 
munication systems. 
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Image intensifier tube 
helps night vision 





ITT Electro-Optical, 7635 Plantation 
Rd., Roanoke, VA 24019. (703) 
—§68-03871. 4 to 13 wks. 

A family of image intensifier tubes, 
Generation III, assists low light-level 
night vision. The tubes are small and 
lightweight, making them particularly 
desirable for use in head or helmet- 
mounted night vision goggles. The 
tubes consist of a GaAs photocathode 
bonded to a type 7056 glass input win- 
dow. Also included is a microchannel 
plate current amplifier and a phosphor 
screen. The photocathode is most sensi- 
tive to a low light-level or infrared 
image in the 580 to 920-nm region. 

CIRCLE NO. 368 


ELECTRONIC DESIGN 8, April 12, 1980 


Aluminum capacitors fit 
where space is tight 


International Components, 105 Maxess 
Rd., Melville, NY 11747. (516) 298-1500. 
From $0.044; stock to 10 wks. 

PDB and TDB aluminum capacitors 
come in miniature sizes to fit onto 
crowded circuit boards. Case size is as 
small as 0.197-in. diameter by 0.483-in. 
long. Capacitance range is 0.47 to 
10,000 uF with a tolerance of +20%. 
Leakage current is only 3 wA. Both 
axial and radial lead versions are avail- 
able. 
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Power Products. 


We ship all 
popular AC-DC 
_ power supplies within 
three days ARO. 


Power Products’ eeciusive Blue 
Streak Delivery System ensures quick 
shipment of prototype (1-3 piece) quanti- 
ties. So you Can power-up a new design 
sooner. 

Choose from more than 50 standard 
supplies, like the popular models shown 
here. We stock single, dual, and triple 


PM505 


+15V@200MA 
© 02% Regulation 2 > :_ 
e 0.5mV RMS Ripple/Noise 
- ® UL Recognized | : 
® Two-year warranty ‘$45* 


output power giipblies:; featuring all : 
popular outputs from 3.6 to 28 volts. Why 
wait? We can put the power in your 
hands in just three days from now! 

Call or write for our free catalog 
before you're pressed for power. Or, if you 
need it now, order today. And ask for 
Blue Streak Service. 


PM396 


5.0V @ 1A.Regulation: +0.02% 
Line/+0.04% load. 1.0mV RMS 
Ripple/Noise. Built-in overvol- 
tage protection. Powers all 
popular digital logic. $45.00* 


+15V @ 100mA. Regulation: 
+0.02% Line/+0.02% load. 
0.5mV RMS Ripple/Noise. 50 
megohms input isolation. Ideal 
for powering Op-amps and 
precision instrumentation. 
$33.00* 


+15V @ 500mA. Regulation: 
+0.05% Line/+0.05% load. 
1.0mV Ripple/Noise. Chassis- 
mount model for use with linear 
IC and discrete analog circuits. 
$78.00* 

(“OEM quantity price) 


The Packaged Power Professionals 


C3Power Products 


Division of Computer Products, Inc. 


1400 N.W. 70 ST./FORT LAUDERDALE, FLA. 33309 + (305) 974-2442/TWX 510-956-3098 
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- i / Instrument Specialties has i been kn 
beryllium copper springs and sprin 
_ them into molded blocks in their ow 


Now, we can eliminate this divide 
attached to molded bases, and guarantee to meet the spe 
assembly! We'll take complete r 
anufacturing the springs to e 
~ through heat staking, press fitti 
springs to other metal compon 
Result: You eliminate many pro 
and work the way you specified . 
We'll be happy to discuss your specific nee 
@ today to Dept. ED-91. 
T INSTRUMENT SPECIALTIE =S 5 
’ Delaware Water Gap, PA 18327 
- Telephone: (717) 424-8510 


oo. in beryllium copper since 1938 


Peripherals 
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Compact matrix printers employ 
blade-mounted pins—quietly 





General Electric Co., Data Com- 
mumcation Products Business Dept., 
Waynesboro, VA 22980. (703) 949-1000. 
P&A: See text. 

The Terminet 2000 impact-printer 
family incorporates a new 7 X 9 matrix 
print head whose blade-mounted pins 
ensure less than 60-dB operation. 

The printer series, which features a 
microprocessor-scanned keyboard, in- 
cludes the 2030, which prints at 30 
characters per second and the 2120, 
which prints at 120 char/s. Both 
printers are compact—22 X 18.5 x 5.5 
in.—and weigh only 22 lb. Underline 
capability on both models also 
enhances the print-head operation. 
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What’s more, a de servo-motor-con- 
trolled print-head mechanism allows 
bidirectional printing without fill char- 
acters. 

The 2030 also features a 60-char/s 
catch-up rate, while the 2120 features 
a 150-char/s rate. Print density can be 


- selected at 10, 13.2 and 16.5 char/in. 


along a 13.2-in. print line. The ribbon 
cartridge is stationary, with the ribbon 
driven by a stepper motor. 

Using dual 8085 microprocessors, 
both printers offer a received-data buf- 
fer and feature nonvolatile memory. 
Using switching type regulators, the 
units require only 30 W (20380) or 50 W 
(2120). What’s more, both provide a full 
RS-232C data interface; a 300-baud 
modem is optional. 

The 2030 sells for $1400 (receive only) 
and the 2120 for $2100 (RO). The 2030 
will be available for volume shipments 
in the third quarter of 1980 and the 
2120 in the fourth quarter. 
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your contact springs 
fications of the entire 


yonsibility for producing the plastic block, 
peciicaiians, and then assembling the parts 
ultr asonic welding. We can also weld or solder 


. assemblies fit 





Programmer works on 
palit — 





SMR Electronics, 3 Haven Rd., Med- 
field, MA 02052. Steve Ridditek (617) 
359-7697. 

A self-contained programmer for 
single-supply EPROMs, Model 80, both 
programs and makes copies from a 
master. The unit works with 2758, 
2516, 2716, 2532 and 2732 types. Pro- 
grams are entered via a panel keyboard 
of an optional, bidirectional ASCII- 
Hex serial interface. Extensive editing 
capabilities are provided for insertion 
and deletion of data with resequencing 
prior to programming. The unit accom- 
modates baud rates from 75 to 4800 and 
comes with 4-k X 8 internal memory, 
switch-selectable parity stop and bit 
configurations, RS232 inputs and out- 
puts and a rechargeable battery 
backup to prevent data loss during 
power interruption. 
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Peripherals 


Touch screen digitizer 
fits 12-in. CRTs 





TSD Isplay Products, 35 Orville Dr., 
Bohemia, NY 11716. (516) 589-6800. 
$950 to $1200. 

A touch-screen digitizer, for fast 
data retrieval from menu-based video 
displays, fits 12-in, diagonal CRTs. The 
touch-screen approach to computer-to- 


operator interface eliminates need for © 


keyboards and light pens and sim- 
plifies computer use for inexperienced 
operators. The touch screen matches 
the curvature of most 12-in. CRTs to 
minimize parallax error and optimize 
pointing accuracy. The digitizer can be 
supplied with or without a power sup- 
ply and RS232 interface. 
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Specialists in ber 


uC-based unit responds 
with male/female voice 





Perception Technology, 95 Cross St., 
Winchester, MA 01890. (617) 729-0110. 
From $7000. 

A stand-alone voice response system 
based on a DEC LSI-11 computer, the 
BT-2, communicates messages, in- 
structions, questions, answers and 
alarms in telephone-quality male or 
female speech. A basic configuration 
comes with eight channels of speech 
output and approximately 30 words. 
Maximum configuration has 64 input 
and 64 output channels and 256 words. 
Options for the RS232-compatible sys- 
tem include a wide variety of telephone 
and computer interfaces. Any software 
that runs on the LSI-11 can run simul- 
taneously with voice response func- 
tions. 
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CRT display fits onto 
data capture terminals 


peur 2120-9453 


stock: 4224 
entu.usace® St 6% 
unit price:si. 66 


road 


Hewlett-Packard, 1501 Page Mill Rd., 
Palo Alto, CA 943804. (415) 857-1501. 
$936; 8 wks. : 
An option for the firm’s data capture 
terminals, a 5-in. CRT display, gives 
two styles of video information. A large 
character-size mode and a special anti- 
reflective screen assure easy reading. 
The display fits onto a desktop HP 3075 
or the wall-mounted HP 3076 termi- 
nals. Sixteen lines, each with 32 
normal-size characters, can be shown. 
In the large character mode, 8 lines of 
16 characters can be shown. 
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TELEPHONE 
COUPLING 
TRANSFORMERS 


NOW AVAILABLE TO 
COMPLY WITH NEW 
FCC PART 68 


Low Profile 
PC 
Construction 


DESIGNED FOR 
VOICE/DATA 
TELECOMMUNICATIONS 


Request Engineering Bulletin F232 and 
Complete Catalog on your Letterhead 


Complete line of 
AUDIO - POWER 
COMMERCIAL - MIL 
Transformers 


IMMEDIATE DELIVERY =. <=) = 
FROM DISTRIBUTORS 


Wing, 3B 


MICROTRAN 


COMPANY. INC. 


145 — Mineola Ave. Valley Stream N.Y. 11582 
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Peripherals 


Sophisticated plotter 
shrinks size and cost 


 wacroPLoT- 4% 


Gulton Industrnes Inc., Measurement 
and Control Systems Div., Gulton In- 
dustrial Park, East Greenwich, RI 
02818. John Olobn (401) 884-6800. 
P&A: $900; 90 days. 

A versatile, low-cost thermal print- 
er/plotter developed by Gulton In- 
dustries provides crisp 256-dot resolu- 
tion in 44 columns. The Microplot-44 is 
one of the few thermal printers which 
provide individual dot addressing in a 
small package for less than $1000. 

Using any one of 96 ASCII character 
codes, the device transforms digital 
information into alphanumerics or 
graphics on a 44 X 22-character X-Y 
plot. The printer also can describe 
double-height and double-density 
ASCII alphanumeric characters. 
Abscissa and ordinate limit tabs are 
programmable. The Microplot-44 is 
equipped with a bus-organized parallel 
graphics interface, compatible with 
IEEE-488, RS-232C, or OEM parallel 
buses. 

A bit-parallel/byte-serial interface, 
uC bus-organized, links the 
printer/plotter to microprocessor con- 
trol. Data are loaded into the 
Microplot-44 memory one dot at a time 
in the plot mode, or one character at 
a time in the print mode using this 





interface. The printer/plotter’s in- 
terface is organized into three data 
buffers: a 256 byte buffer for plot data, 
a 44-byte buffer for X-axis character 
data, and a 22-byte buffer for Y-axis 
character data. This versatile buffer- 
ing scheme allows the user to conduct 
simultaneous plotting, X-Y printing 
and annotating operations. 

Since the plot buffers hold 256 data 
bytes, each corresponding to a single 
dot location on the printhead array, 
each dot is individually addressable. 
There is no need, therefore, to load 
blank data to map out spaces, although 
horizontal vectors can be quickly speci- 
fied simply by entering their origin and 
value of magnitude; the printer will 
automatically fill-in lines between the 
end points of a horizontal vector, in the 
enhanced plotting mode. 

In addition to programmable or 
manual mode selection, the Micro- 
plot-44 also provides internal self-test, 
as well as quiet fixed-head thermal 
operation. 

The Microplot-44 will be available in 
two versions: a_ desk-top 
printer/plotter, and a front panel- 
mounted unit for test instrumentation, 
industrial process controls and other 
OEM applications. CIRCLE NO. 323 
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The Message Transmitted Is Clear: 
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ECL Compatible, Printed Circuit Cards. Ready to Plug In. 


Now Available For Use In Communications and 
Data Transmission. Up to 275 Mb/sec (NRZ) 


In addition to this new transmitter, OIS also offers TTL trans- 


This new OlS-engineered transmitter applies laser 
mitters and receivers, semiconductor diode lasers and 


' 
technology for many fiber optic applications: multiplexed data | 

_ buses and trunk lines, distributed information systems, CPU- accessories. . 
to-CPU interconnections, and computer peripherals. For complete information. call now or mail coupon 
This transmitter uses standard parts and offers reliability Pi ee ss at rrr | 


and uniform operating characteristics. The applications are 


diverse, the advantages significant. For more information, OPTICAL INFORMATION SYSTEMS 


contact the OIS Marketing Department or mail the coupon. ENTERPRISES INC. 


350 Executive Boulevard, Elmsford, New York 10523 - (914) 345-5850 


e Uses standard production parts, offers uniform operating Gentlemen: 


characteristics. | am interested in your new Laser Transmitter. 


¢ Output power stabilized using an integral feedback detector. DC 
coupled to stabilize the laser output independent of the modulating 


signal. 


i 
| Outstanding features assure outstanding performance: 


(1 Please send complete information. (CJForFile (1) For immediate application 
C) Please have your representative call. 


e Uses OIS DI-PAC™ laser package. 
Also interested in following products 


e Rise and fall times less than 1.5ns. 
iANe...rrti‘i(.CO.i i ‘ a ...UULULUUULUCC(LUPVILE 


_ «Unique fiber optical cable strain release. | 
¢ Module contains voltage regulation and transient protection circuitry. 
COMPANY | 

ROORESS 
: CITY, STATE, ZIP | 
: | 


Optical Information Systems TELEPHONE ( = )___ 
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CMOS takes 
another giant step 


against NMOS 


RCA adds 12 new Microboards now, 
“more by the end of 1980. 
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RCA CMOS Microboards con- 
sume far less power (7.0 milli- 
amperes), give off far less heat, and 


provide more functions inless space CDP18S625 


(4.5 x 7.5 inches) than any NMOS 
board on the market. And at competi- 
tive prices. 
With 17 boards available now (24 
by 4th quarter 1980) plus a range of 
chassis and accessories, RCA can 


provide aCMOSsystemtosuitawide COP18S641 


variety of applications. 


Microcomputer boards. 


CDP18S601 Microboard Computer w/4K CMOS 
RAM, 4K/8K ROM/PROM sockets, 

serial |/O port, 20 programmable 

parallel |/O lines 


CDP18S602* 
CMOS RAM, 2K/4K ROM/PROM sockets, 


UART, parallel |/O port CGpp1gse61Vv3" 


CDP18S603 Microboard Computer w/1K 
CMOS RAM, 4K/8K ROM/PROM sockets, 

serial |/O port, 20 programmable 

parallel |/O lines 





Microboard Computer w/2K = CDP18S661V1" 


8K Static CMOS RAM 


CDP18S623 
CDP18S624 4K Static CMOS RAM/ 
Battery backup 
8K/16K ROM/PROM 


Combination memory I/O. 


CDP18S660 40 |/O Lines, 2K CMOS 
RAM, 4K/8K ROM/PROM sockets 
I/O boards. 

CDP18S640 Control/Display Module 
UART Interface 

CDP18S642 12 Bit D/A Converter 
CDP18S643 12 Bit A/D Converter 
CDP18S644* 8 Bit A/D-D/A Converter 
CDP18S646* Parallel |/O 
CDP18S649* LCD Interface/Display 


Video-Audio-Keyboard 
Interface 


Video-Audio-Keyboard 
Interface (PAL Version) 


Chassis and accessories. 





CDP18S023V1 5 Volt Power Converter 
CDP'1 ag ne Serene te ae ail wee a F (100 V, 50-60 Hz) 
es 

: sockets, parallel |/O port CDP18S023V3 2 Volt Oe0y. BO COE) 

Memory boards. CDP18S480 PROM Programmer 

CDP18S620 4K Static CMOS RAM =CDP18S502 Extender Card 

CDP18S621 16K Static CMOS RAM =CDP18S659 Breadboard w/prewired 

CDP18S621V1 16K Static CMOS RAM power and ground 
CDP18S622 8K Static CMOS RAM/ 

Battery backup Wits 
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CDP18S670* 25 Card Chassis w/power supply 


CDP18S675 5 Card Naked Chassis 

CDP18S676 5 Card Chassis w/Case 
Prototyping systems. 

CDP18S691 Microboard Prototyping System 


with CDP18S601 Computer Board 
Microboard Prototyping System 
with CDP18S602 Computer Board 

Full design support. 

RCA Microboards are backed up 
by a complete line of hardware and 
software compatible develooment 
systems. 

Plus, 36 RCA “Systems Appointed 
Distributors” offer technical assist- 
ance, systems demonstrations, and 
off-the-shelf delivery. 

A complete list of RCA Systems 
Appointed Distributors appears on 
the following page. 

For more information and a free 
brochure on RCA Microboard 
Computer Systems, contact your 
local RCA Distributor. 

Or contact RCA Solid State head- 
quarters in Somerville, New Jersey. 
Brussels, Belgium. Tokyo, Japan. 
*Coming in 1980 


CDP18S692" 
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RCA Systems, 
Appointed 
Distributors. 


California 
Arrow/San Francisco 
Sunnyvale (408) 739-3011 


Wyle Electronics, Inc. 
Santa Clara (408) 727-2500 


Hamilton-Avnet Electronics 
Sunnyvale (415) 743-3300 


Hamilton Electro Sales 
Culver City (213) 558-2020 


Hamilton-Avnet Electronics 
Costa Mesa (714) 754-6051 


Schweber Electronics Corp. 
Irvine (714) 556-3880 


Schweber Electronics Corp. 
Santa Clara (408) 496-0200 


Colorado 


Wyle Electronics 
Commerce Ci 
(303) 287-9611 


Florida 


Arrow Electronics, Inc. 
Ft. Lauderdale 
(305) 776-7790 


Schweber Electronics Corp. 
Hollywood (305) 927-0511 


Georgia 

Arrow Electronics, Inc. 
Norcross (404) 449-8252 
Illinois 


Hamilton-Avnet Electronics 


Schiller Park (312) 678-6310 


Schweber Electronics Corp. 
Elk Grove Village 
(312) 593-2740 


Maryland 


Arrow Electronics, Inc. 
Baltimore (301) 247-5200 


Hamilton-Avnet Electronics 
Hanover (301) 796-5000 


Schweber Electronics Corp. 
Gaithersburg (301) 840-5900 


Massachusetts 
Arrow Electronics, Inc. 
Woburn (617) 933-8130 


Hamilton-Avnet Electronics 
Woburn (617) 935-9700 


Schweber Electronics Corp. 
Bedford (617) 275-5100 


Michigan 


Hamilton-Avnet Electronics 
Livonia (313) 522-4700 


Schweber Electronics Corp. 
Livonia (313) 525-8100 


Minnesota 


Arrow Electronics 


Edina (612) 830-1800 


Schweber Electronics Corp. 
Eden Prairie (612) 941-5280 


New Jersey 
Arrow Electronics, Inc. 
Moorestown (609) 235-1900 


Arrow Electronics, Inc. 
Saddlebrook (201) 797-5800 


Schweber/NJ Electronics 
Fairfield (201) 227-7880 


Wilshire Electronics/NJ 
Clifton (201) 340-1900 


New York 


Arrow Electronics, Inc. 
Farmingdale, L.I. 
(516) 694-6800 


Schweber Electronics Corp. 
Rochester (716) 424-2222 


Schweber Electronics Corp. 
Westbury, L.I. 
(516) 334-7474 


Ohio 
Arrow Electronics, Inc. 
Dayton (513) 253-9176 


Schweber Electronics Corp. 
Beachwood (216) 464-2970 


Pennsylvania 


Schweber Electronics Corp. 
Horsham (215) 441-0600 


Texas 
Arrow/Texas 
Dallas (214) 386-7500 


Hamilton-Avnet Electronics 
Houston (713) 780-1771 


Schweber Electronics Corp. 
Dallas (214) 661-5010 


Sterling Electronics, Inc. 
Houston (713) 627-9800 


Washington 


Wyle Electronics 
Bellevue (206) 453-8300 























i WUT 


PAULREVERE ~ 
WOULD RIDE ANYWHERE 

FOR HAYDEN SOFTWARE... 

. .. SO WILL YOUR STUDENTS! 


GENERAL MATHEMATICS-1 (Gilder) 
Provides 15 programs useful to anyone who 
wants to improve their math skills and 
accelerate their computations. #01101, PET; 
#01103, TRS-80 Level Il; #01104, Apple II; 
each $14.95 list/net 


COMPLEX MATHEMATICS (Gilder) 

8 programs that give the user the ability to 
perform computations of complex numbers in 
BASIC rather than FORTRAN. #01201, PET; 
#01203, TRS-80 Level Il; #01204, Apple Il; 
each $14.95 list/net 


ENGINEERING MATHEMATICS-1 
(Gilder) 8 programs useful to the engineer such 
as: Integration by Simpson’s Rule, Quadratic 
Equations (covering all 3 root cases), etc. 
#01301, PET; #01303, TRS-80 Level Il; 
#01304, Apple Il; each $14.95 list/net 


CROSSBOW (Breitenbach) 

A target game that, besides offering hours of 
fun, teaches fractions in an exciting and 
competitive environment. Includes 3 levels of 
play. #02701, PET; $9.95 list/net 


MICROTYPING (Engel) 
Features the “touch method” of learning to 
type for improving your computer typing skills. 
Includes 4 levels of exercises. #02403, 
TRS-80 Level II, $9.95 list/net 


ORDER YOUR 10-DAY 
FREE EXAM COPIES TODAY! 

Write to: 

HAYDEN BOOK COMPANY, INC. 









See our ad on previous pages. 50 Essex Street, Rochelle Park, NJ 07662 






242 ELECTRONIC DESIGN 8, April 12, 1980 


Peripherals 


Remote terminal performs 
smart functions 





Megadata, 35 Orville Dr., Bohemia, NY 
11716. (516) 589-6800. $1500 (500 qty). 
Model 850, a programmable termi- 
nal, operates as a satellite display unit 
capable of intelligent, stand-alone 
functions. A host computer, for exam- 
ple, can be dialed up automatically. 
The terminal can be automatically 
called. A separate current loop allows 
the 850 to assume the receive functions 
of a telex machine. A transmit loop is 
optional. The Model 850 includes up to 
8-k of PROM for programming, 4-k or 
16-k of RAM for buffer and screen 
storage, a 15-in. display of 80 charac- 
ters by 25 lines and 4 kbits of optional 
EAROM. A standard receive and trans- 
mit RS232 interface and an RS232 
transmit-only printer port are also pro- 

vided. 
CIRCLE NO. 374 


Cart drive protects 
Winchester data 


Computer Service Systems Network, 
120 Boylston St., Boston, MA 02116. 
(617) 482-2843. $2995. 

BACKUP, a complete hardware/ 
software subsystem, protects disk- 
stored data, especially data from high- 
capacity Winchester disk drives. The 
subsystem uses a 13.4-Mbyte capacity 
tape cartridge as the storage medium 
and comes with a Z80A/S-100 com- 
patible interface board and a CP/M 
compatible software utility. BACKUP 
permits file-by-file protection. That is, 
only those files which are lost on a disk 
can be saved and restored. Earlier, bit- 
stream backup devices required re- 
placement of all files on a disk to 
correct an error in only one file. 
BACKUP comes in a compact, rack- 


mountable unit. 
CIRCLE NO. 375 
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REALISM 


4096 STAGE DELAY 











New model SAD-4096 Bucket Brigade Delay Line offers: 
e Delays of 250 mS to 1 mS 
@ Wide Dynamic Range 70 dB 
e@ Full wave output 
e No insertion Loss 
@ Up to 200 KHz Bandwidth 


Typical Applications: 
e Reverberation/Echo effects 
e Time Base Conversion 
@ Voice Scrambling/Pitch correction 


For complete details on this broad line of standard delay lines 
and how they can improve your product and reduce costs, 
call your nearest RETICON field office now. 


JL EGsG RETICON 


345 POTRERO AVENUE 
SUNNYVALE, CA 94086 
TWX: 910-339-9343 


For assistance call: Boston (617) 745-7400, Chicago (312) 640-7743, 
San Francisco (408) 738-4266, Tokyo, Japan 03-343-4411, 
Bracknell, England (0344) 53618 
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Peripherals 


LSI-11 backplane expands 
terminal into a uC 


Ingital Equipment, 129 Parker St., 
Maynard, MA 01754. (617) 897-5111. 

A video terminal, VT103, expands 
into an LSI-11 microcomputer through 
use of its versatile backplane. The 


backplane accepts LSI-11 cards, per- 
mitting a user to select among a variety 
of bus-compatible modules. Two ver- 
sions of the terminal are offered: a 
basic model, VT103-AA and a unit 
equipped with a dual-drive DECtape II 
cartridge subsystem. The terminal’s 
power supply provides 140 W, capable 
of supporting added modules. The 
VT103 includes the standard features 
of its predecessor, the VT100. 

CIRCLE NO. 376 


desicacd. unquestion- | 
/ ibly reliable, depend-- 


... .able—and. delivered 
,ontme. 
| We'll design aci rouit 
id your input/output 
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Module helps program 
2732A EPROMs 





Pro-Log, 2411 Garden Rd., Monterey, 
CA 938940. (408) 372-4593. $550; 6 to 8 
wks. 

A generic personality module, 
PM9074, enables all Series 90 PROM 
programmers to program the high- 
speed 27832A HMOS EPROM. The mod- 
ule will also accommodate other HMOS 
EPROMs and higher-density PROMs 
as they are developed. Plugged into a 
programmer, the module provides the 
control lines and timing necessary to 
list, program, duplicate and verify de- 
vices. “Cold sockets” allow installation 
and removal of PROMs without apply- 
ing voltage to the devices. High/low 
verification permits reading of PROMs 
with the voltage adjusted to its high 
and low limits. PM9074 contains sepa- 
rate master and copy sockets, program- 
ming electronics, pin-out adapters and 
configurators that automatically adapt 
the module to the correct bit structure 
and memory size of each PROM. 

CIRCLE NO. 377 


Disk system boosts 
storage for VAX 11/780 


System Industries, 525 Oakmead 
Pkwy., Sunnyvale, CA 94086. (408) 
732-1650. $36,500 (single); $53,900 
(dual); 6 to 9 wks. 

A disk mass-storage system for VAX 
11/780 minicomputers increases mem- 
ory capacity to 2400 Mbytes of on-line 
storage. The system emulates DEC’s 
RH780 hardware and RM08 software 
at the operating system level. The mass 
storage system includes a 9400 con- 
troller, a 300-Mbyte SMD-type disk 
drive, a synchronous backplane in- 
terconnect (SBI) adapter and all con- 
necting cables and hardware. As many 
as eight drives can be interfaced to a 
VAX computer in a daisychain con- 
figuration. 3 
CIRCLE NO. 378 
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IMPACT PRINTERS 


150 CHARACTERS 
PER SECOND 


80/136 COLUMNS 
PER LINE 


UNDER $900 IN 
OEM QUANTITY 


The Series 6000 is perfect for 
_applications where high reliabil- 

LO’ ar: ar: Ce) avexe)<) aa oer: Want-l(e) mere) ab 
‘sideration. Microprocessorcon- 

trolled. Heavy duty operation. 


Loaded with standard features. 
Wg-\eq co) am ey-\el-1amc-\-1o mmm Rel nanser-lat 
ike) anay-maexe)andae) pam ke) ome} mmcel aan 
operation. Manual paper ad- 
vance control. Built-in test 
(or-Tey-Ve) pin a’eum Or-lacalele[-male)elelan 
9x7/9x9 dot matrix. Parallel or 
serial interfaces. Plus more. 


Contact us today for a free print 
sample. oe 


Qantex Division of 
North Atlantic Industries 
60PlantAvenue, _—/ 
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Mostek's 
1K x8 static RAM: 

Lower cost. | 
Immediate availability. 
Better performance. 

Higher density. 
Unlimited upgradeability. 
ROM/EPROM compatibility. 




















If these reasons aren't enough 
to convince you to buy the MK4118, 
you should probably return this coupon. 
eae ee 
Convince m 


Send me more information about hi MK4118 8K static RAM. - 


Name 










Application 


— 
a. 
= 





If you are convinced, 
contact your local Mostek distributor. ~ 
Or write: Mostek, 1215 West Crosby Road, 
Carrollton, Texas 75006. 
In Europe, call Mostek Brussels, 
phone 660.69.24. 


MOSTEK. 
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Peripherals 





Rent an H-P 
aane Stes Oe Desktop Computer 
eo and figure on big savings. 








“6, 





Aeohan Kinetics, P.O. Box 100, Provi- 
dence, RI 02901. (401) 421-5033. P&A: 
See tect. 

A portable, battery-powered data 
logger, MS778, stores data in up to 32-k 
CMOS RAM at timing intervals from 
1s to 60h. Data is collected via manual 
readout on a built-in LED display or 
through the optional Microcomputer 
65, a portable interrogator which pro- 


duces a paper tape or digital cassette. 4 

Remote site data acquisition can be Rental Electronics, Inc. 
maintained at hourly intervals for up 

to three months or daily intervals for (800) 227: = 8409 

one year—all totally unattended. Op- In California (213) 993-7368, (415) 968-8845 or (714) 879-0561 
tional input interfaces make the unit CIRCLE NUMBER 120 

compatible with most types of sensors 
in process control, meteorological and 
pollution research and traffic counting. Th . 
A bench model logger costs $695; a 

water-tight field version, $725. Micro- 

computer 65 costs $2500 and includes 
a LED display, thermal printer, ASCII 
keyboard, cassette recorder, power 
supply and software within a rugged 
aluminum carrying case. All items are 


available in 4 weeks. 
CIRCLE NO. 379 


The DmC.1500 operates asynchron- 
ously at any speed up to 1200 lines per 
minute, 80 characters per line, using 


, = | tandard ASCII 64-character subset 

Raster scan display = Sg acl oe charactor subset or 

eliminates flicker ~ 4 documented, and nomenciatured to all 

e pe rs ccoaara apecmeetions, the 

‘ A ‘j es is Compact, tl “wel ana sim- 

Lewdata, 215 Middlesex Tpke., Burl- ple to anata: Solid State electronics 

ington, MA 01808. (617) 273-2700. From SORE AO ainute MTTH Gal cn MAT ot 
$13,087, 13 wks. — more than 20,000 hours. 

Systems 3400, a 1280 X 1024 raster ae : 
scan display, provides flicker-free re- : isda aga q DEC printer youmay 


fresh at a 60-Hz rate. A high-speed 
video output stage takes data from 
memory and converts it to an analog 
signal. The signal produces a pixel in 
just 9 ns. The system is intended to ENTS 7 Dmc 
replace storage tube and stroke vector cen 2 : 
technology. The system includes a | oro 
monitor and an interface to any of a 7630 Gloria Avenue, Van Nuys, 
wide variety of host minicomputers. California 91406 ¢ (213) 989-3840 
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Eachasing & Production 


Elastomeric connectors forge tight 
conductive links with little resistance 





Mill Plaza, 1230 Coast Village Circle, 
Santa Barbara, CA 93108. Laurette 
Bennett (805) 969-5807. $0.20/in. six 
weeks. 

Highly conductive elastomeric con- 
nectors from Japan will be especially 
useful in such low-resistance, small- 
current application as LCD displays 
and LSI carrier beds: The HL Type 
elastomeric connectors from Conduc- 
tive Rubber Technology (agent for 
Japan’s Shin-Etsu Polymer Co.), em- 


248 





ploy silver powders in a sponge-rubber 
bed to provide an unusually low contact 
resistance of less than 1 (. 

The HL Type elastomer provide gas- 
tight, highly conductive inter-connec- 
tions between LCD and PC-board con- 
tact pads. Unlike other silver conduc- 
tors, however, the HL will not tarnish 
or encourage silver migration between 
contact pads. They are, in fact, among 
the only compressible (1 lb/in. for 10% 
compression) silver conductors avail- 
able. 

Conductive lines are on 0.015-in. 
centers within the sponge-rubber 
base. The insulation resistance of the 
base material is 1.2 x 102 Q and 
provides a dielectric strength of 25 
KV/mm. Temperature range is —55 to 
+450 F. 

In addition, the elastomeric connec- 
tors provide zero-insertion forces and 
no abrasive contact forces. They are 
available in lengths up to 7 inches. 
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the features: 


e Plain paper 


your problems call 
(914) 592-4400 or 


Landis & Gyr, Inc., 


CIRCLE NUMBER 104 


e 15 0r 21 columns 

@ Full Alphanumeric 

@ Impact bar matrix print technique 
e Two-color snap-in ribbon cartridge 


@ Multiple copies 
e Rugged construction 
e Microprocessor compatible 
@ Optional DC operation 
One thing we are short on, however----price. 


Sodeco manufactures tape and ticket printers, micro- 
processor-based printer controllers, and printer ac- 
cessories to suit a variety of applications for the OEM. 


For more information on how our little printer can solve 


ole) aol 9 = 


write Sodeco, Div. of 


4 Westchester Plaza, 
Elmsford, N.Y. 10523. 


Socket carrier inserts 
terminals fast 





Garry Manufacturing, 1010 Jersey 
Ave., New Brunswick, NJ 08902. (201) 
545-2424. $0.85 to $2.25; 2 to 4 wks. 
An aluminum lead carrier, Series 
940-22, speeds the insertion of 22 
socket/terminals into a PC board. The 
socket/terminals, assembled to the dis- 
posable carrier, are Swiss screw-ma- 
chined parts with gold-over-nickel 
brass sleeves. A 200 win. electro-tin 
finish is available. Four-tine spring 
socket members are gold-plated bery]- 
lium-copper. Dip-solder terminals or 
0.025-in. square wrap-wire posts are 

offered. 
CIRCLE NO. 462 


Our Little Printers 
Solve Big Problems 


If your system requires a reliable printer but you're short 
on space, our PR series microprinters are the logical 
choice. Although we occupy a volume of only 2.3” H x 
5.5” W x 6.0" D, we are not short on capability. Consider 
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Telephone patch plugs 






Dynatech, 1225 E. Wakeham St., Santa 
Ana, CA 92702. (714) 558-8755. 
Cross connect Patch Plugs assemble, 
on site, cables of any length. Wires, of 
any length, are slipped into the connec- 
tor and held in place by insulation- 
displacement contacts. Contacts are 
gold-plated phosphor-bronze with in- 
sulators fabricated of glass-filled 
polyester in many standard colors. 
Features include a built-in strain re- 
lief, integral plug test points, polariza- 
tion and a removal tool hole. 
CIRCLE NO. 381 


Benchtop system tests 
for thermal shock 





Ransco Industries, 2221 Statham 
Blud., Oxnard, CA 98030. (805) 
487-7777. 

A benchtop liquid thermal-shock 
system, Model 7205, tests small 
batches in accordance with MIL-STD 
883B, Method 1011.2. Separate hot and 
cold zone temperature controls and 
dwell timers allow easy setting of a 
desired program. A 5-in. diameter, 5- 
in. high test specimen basket is auto- 
matically transfered between hot and 
cold zones with shut down at the end 
of a set number of cycles. Hot and cold 
baths have forced circulation systems 
for maximum heat transfer. Cooling is 
provided by liquid nitrogen. 
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assemble any length cable 





Thousands 
of 
“like new” 
products 
with 











money back 
Suarantees. 





REI Sales Company 
(800) 227-8409 


In California (213) 993-7368, (415) 968-8845 or (714) 879-0561 
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Our 
Alphanumeric 


Ticket Printer 





























For total versatility use 
our DMTP-9 program- 
mable ticket printer to 
print the full alphanumer- 

ic ASCII character set. Print 
with ribbon on standard 
tickets, cards or single-sheet 
forms, or use impact-sensitive 
paper for multiple copies. Even 
program character pitch to 
handle standard or enhanced 
printing of up to 48 characters per 
line on 39- to 59-line tickets. Stepper 
motor advance for 6 lines to the inch or .110” for graphics. 


Mountable on tabletop or wall, the DMTP-9 does it all with ad- 
vanced stepper motor control electronics and a long-life needle 
matrix print head. For still more versatility, get it with the optional 
controllers, power supplies and interconnect cables systems for 
complete microprocessor/microcomputer compatibility, too. 
But first, write or call to get more details. Ask for Bulletin 924. 












PRACTICAL 
AUTOMATION, INC. 


Trap Falls Road, Shelton, Conn. 06484/Tel: (203) 929-5381 
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requirements for the lowest 


This little book 
can Save your company 


big money. 








Rental Electronics, Inc. 
(800) 227-8409 


In California (213) 993-7368, (415) 968-8845 or (714) 879-0561 
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monolithics 
library 


We wrote the book on glrcincaing 

noise and interference and IM! 

The leading characters are our 

monolithic crystal filters — over60 WE WR 
off-the-shelf models at 10.7 and 21.4 | 
MHz — plus MED thes characters 

from 5 to 180 MHz. The plot is 

simple ... meet your toughest filter 


possible cost. Write for a review. 


The standard in monolithic ee filters. 
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Piezo Technology Inc. 
2525 Shader Rd., Orlando, FL 32804 © 
05) 298-2000 2S 


Packaging & Production 
Glass epoxy card holders 
dampen vibration damage 





Stevens Tubing, 128 N. Park St., East 
Orange, NJ 07019. (201) 672-2140. 
$1.00/ft. 

Molded glass-epoxy card holders 
help dampen damaging board vibra- 
tion in mobile applications. The holders 
are lighter than aluminum, yet offer 
great flex strength. The nonconductive 
epoxy eliminates electrical short prob- 
lems encountered with metal holders. 
The holders measure 1/4 in. square. 
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Twinaxial connectors 
link EDP peripherals 





Amphenol, 2122 York Rd., Oak Brook, 
IL 60521. (312) 986-2700. 

Twinax Series connectors facilitate 
interconnection of mainframe com- 
puter systems with CRT displays, 
high-speed printers and other pe- 
ripheral equipment. The series in- 
cludes a plug, which terminates Belden 
YR15662, Brand Rex T9756A_ or 
equivalent twinaxial cable, a recepta- 
cle and an adapter for in-line cable 
splices. A pin-and-slot keyway main- 
tains conductor polarization. Male con- 
tacts are silver-plated brass; female 
contacts, silver-plated beryllium-cop- 
per. All other parts are brass with a 
nontarnish finish. The weatherproof 
connectors operate through 500 MHz 
with a nominal impedance of 90 Q. 
Peak voltage rating is 500 V. Thermal 
limits are —55 to 85 C. 
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Need 


Boards? Need IG 


Sockets? 


1 ae ee « Bh, lig Cambion’s got ’em! 


Need 
2 Switches? 


Cambion’s got ’em! 








Need 
Connector 


Cambion’s got ’em! 


Need 
Spacers? 


Cambion’s got’em! 


Nees 
Terminals? 


Cambion’s got’em! 


mL 
THE BOARD! 





At Cambion, we make, stock, and deliver over sources to im eet your circuit design and 
23,000 different electro-mechanical components. purchasing p fins Whatever you need, whenever 
We've got four decades of proven experience in you need it, contact Your 


the field. Cambion has it all. . . reliability, de- Cambion Connection for an 
pendability, and deliverability. . . at competitive immediate quote. But have 
prices. Get all the right connections in Cambion’s your P.O. number handy! 


Catalogs 800 and 121 - the right 
Visit CAMBION At [ORT 
The Right Connection. 


Electro 80 Booth #2028 
Cambridge Thermionic Corp., 445 Concord Ave., Cambridge, MA 02238. Tel: (617) 491-5400. ‘Telex: 92-1480. TWX: (710) 320-6399. 
New York State (201) 529-1030 Baltimore / Washington (703) 941-5470 Los Angeles (213) 326-7822 
San Francisco (408) 371-0585 Ontario (416) 671-1588 England 0433 20831 
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Packaging & Production 


Fold-around clips package ceramic 
chip carriers for easy connections 


Berg Electronics INv., Du Pont Co., 
New Cumberland, PA 17070. James 
Dilliplane (717) 780-2034. P&A: See 
text. 

Half-hard phospher-bronze con- 


rapid, low-cost connection to PC boards 
and sockets. 

Made with tin/lead preplating and 
having 0.050-in. centers, the LSI-Clips, 
fit around the contact edges of 0.045- 





in. or 0.062-in. thick JEDEC ceramic 
packages. The resulting package can 


tacts, called LSI-Clips, easily fold 
around ceramic chip carriers to provide 








YOU CAN DEPEND ON. 


The Raycorder Products Division of Raymond Engineering Inc. has been building 
cassette/cartridge tape drives for 10 years. We're the small tape drive experts. 
Whatever your choice of media — cassette, mini-cassette, or cartridge — Raymond 
builds a tape drive for all of the standards. 

Whether you require an OEM drive with typical tape recorder interface, a 
standard interface such as RS232C or IEEE 488, a custom interface, or a stand- 
alone system, Raymond builds the configurations that you want. Our software 
driven interfaces provide the flexibility to make this possible. Let us show you how. 






MODEL 6409 |! 
MINI-RAYCORDER — A 
proven performer in a tiny 
package — many new fea- 
tures. 





MODEL 6406 
RAYCORDER — Popular 
since 1970, now with all new 
electronics. 





MODEL 6413 
CARTRIDGE RAYCORDER 
— Fast becoming the stan- 
dard by which others are 
judged. 


MODEL 6801 
RAYCORDER CASSETTE 
TERMINAL — A stand-alone 
terminal with a virtually unlim- 
ited number of operating 
modes. 





Raycorder Products Division 
Raymond Engineering Inc. 













( 632-1000 





203) 
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then be surface-mounted on a PC 
board, soldered onto the board (with 
LSI-Clip soldertail units), or simply 
fitted into an appropriate carrier 
socket. 

Automatic equipment, designed to 
apply the LSI-Clips to ceramic sub- 
strates at a rate of 750 chip carriers 
per hour, will be available in July. In 
the meantime, the LSI-Clips them- 
selves are available for hand-insertion 
with bench tooling. Delivery takes four 
to six weeks. 
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Equipment handle hides 
to enhance panel looks 


Southco, Brinton Lake Rd., Con- 
cordville, PA 19331. (215) 459-4000. 
An easy-to-grip handle, No. 67, ro- 
tates into a concealed position to 
enhance the appearance of panels. In 
its concealed position, all that shows 
on the panel is an attractive, slim, 
black escutcheon with an anodized 
aluminum strip. The pull rotates into 
its open position by pressing the bot- 
tom of the aluminum strip and pulling 
forward on a small tang at the top. No. 
67 concealed pulls come with mounting 
hardware. 
CIRCLE NO. 385 


Multi-deck rotary switch 
ends point-to-point wiring 


AMF Electro-Components, 2713 Gate- 


‘way Dr., Pompano Beach, FL 33060. 


(305) 973-8620. 

A multi-deck, miniature rotary 
switch, RCL “X” Series, eliminates all 
point-to-point wiring. The PC-mount 
switch is totally enclosed. Behind- 
panel depth is only 0.677 in., with only 
0.3 in. additional for each deck up to 
a total of twelve. Adjustable stops are 
available. Each deck contains 12 active 
positions with any combination of 
shorting and non-shorting actions 
available on any single deck. Molded- 
in terminals provide contact stability. 
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lnsiruments 


Digital storage scope expands 
bandwidths, reduces display jitter 





Tektronx, MS 76-260, P.O. Box 500, 
Beaverton, OR 97077. (800) 547-1512. 
$5000; August. 

Combining proven performance with 
new capabilities, Tektronix’ 468 digital 
storage oscilloscope attacks three prob- 
lems plaguing earlier digital-storage 
efforts—bandwidth limits, detection of 
aliased signals and correction of en- 
velope error and display jitter. 

All the capabilities of the 465B 100- 
MHz scope are carried over into the 





468. In its storage modes, the new scope 
acquires and holds waveforms with 
just the push of a button. 

A 25-megasample/s, 8-bit digitizer 
and a display-interpolation technique 
achieve a 10-MHz “useful-storage 
bandwidth.” The parameter defines 
the maximum frequency sine wave, 
which can be stored in a single sweep 
with less than 5% envelope error. 

Working in an envelope mode using 
dual sampling rates, the 468 records 
maximum and minimum values of an 
envelope over a selectable number of 
sweeps. This mode captures narrow 
pulses on long sweeps and is useful in 
catching gliches, viewing waveform ex- 
cursions and detecting aliasing. 

Jitter-correction circuitry corrects 
for the +1/2-sample interval shifting 
of a waveform caused by the asynchro- 
nous relationship between the trigger 
point and the sample clock. 
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Video pattern generator 
slips into your pocket 





Mckok Electrical Instrument, 10514 
Dupont Ave., Cleveland, OH 44108. 
(216) 541-8060. $159. 

A compact video pattern generator, 
Model 240, assists the adjustment of 
industrial video monitors and re- 
corders. The pocket-sized unit gener- 
ates eleven video or rf patterns, includ- 
ing a ten-step gray-scale staircase and 
a 10-bar gated rainbow. Crystal-con- 
trolled chroma and timing oscillators 
are used for stability from —20 to 125 
F. A tough thermoplastic case protects 
the instrument under demanding and 
abusive conditions. Power is supplied 
by an ac adaptor supplied with the unit 
or by two, internal 9-V batteries. 

CIRCLE NO. 387 











C 







THE GASE FOR 
oe aeLicy 


As a component-mounting connector, our miniature closed-entry Cage Jack 
provides the circuit design engineer with unprecedented flexibility. Cambion 
originated the cage jack over a decade ago but a lot of people still don’t know 
about its many applications. Our case is made in a useful catalog. Get it and 
_ cage jack evaluation samples from Your Cambion Connection at over 100 distribu- | 
- tor locations! Cambridge Thermionic Corporation, : 














445 Concord Avenue, Cambridge, Massachusetts 02238, 
Tel: (617) 491-5400, Telex: 92-1480, TWX: (710) 320-6399. 


Visit CAMBION At Electro ’80 Booth #2028 


CAMBION 


The Right Connection. 
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Instruments 


Dc resistance meter works 
in high-volume testing 





Electro Scientific Industries, 13900 
N.W. Science Park Dr., Portland, OR 
97229. (503) 641-4141. $3295. 





Until now, the field has been pretty lim- 
ited in low power, high reliability 400Hz 
to DC single phase power supplies. 
Tecnetics changed all that with the in- 
troduction of its new 400 Series. : 

There are over 130 different power 
supplies in all: 3, 6, 10, 15 and 20 watt 
units with single, dual and triple outputs. 
Output range is from 5 to 28 volts. Mili- 
tary type components are standard and 
High-Rel components are available. All 
fully documented and ready to go. 

And, look at some of the specs: MTBF 
on single output units ranging from 
70,000 hrs. standard to a mighty 180,000 
hrs. on the High-Rel models, high effi- 
ciency, overload protection, excellent 


FREEDOM OF CHOICE FROM TECNETICS 


A microprocessor-controlled auto- 
matic resistance meter, Model SP2522, 
operates at speeds under 100 ms for use 
in high-volume testing. An optional 
handler interface kit adapts the unit 
to high-speed parts handlers. Resolu- 
tion is 100 uw2 to 20 MQ with 0.02% 
typical accuracy through 2 MQ and 
0.2% accuracy at higher resolutions. 
Features include ten programmable 
sorting limits (in units or percent read- 
ing), programmable settling time, au- 
toranging and remote programming 
capability. 

CIRCLE NO. 388 


regulation, full encapsulation, and ther- 
mal design with baseplate cooling. 

So, when you're designing complex 
military hardware, airborne instrumenta- 
tion, or anyplace you have 400Hz to DC 
power conversion requirements, look to 
Tecnetics wide selection of power 
supplies. Send for our catalog now. 


400 Series Prices (1-9) 


Single Dual Triple 
3W © $225 $275 $325 
6W 235 285 340 

10W 255 305 365 
15W 270 315 375 
20W 280 325 410 


Contact factory for prices on hi-rel units 





| 
tecnetics @® The Power Conversion 


INCORPORATED _ Specialists 


P.O. Box 910, 1625 Range Street, 
Boulder, Colorado 80306 
(303) 442-3837 TWX 910-940-3246 
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Digital processor displays 
analog waveforms 


T.G. Branden, 5565 S.E. Industrial 


Way, Portland, OR 97222. 
659-9366. From $5495; 4 wks. 
A digital processing oscilloscope, 
Smartscope, combines hardware and 
software routines to aid analog 
waveform analysis. Built around a 16- 
bit microprocessor, the instrument ac- 
quires, processes and displays analog 
information on a CRT or supplies re- 
sults for storage on disk, plotting or 
transmission to a computer. All func- 
tions are programmable and controlled 
by a user keypad. Features include 
dual cursors with digital readout of 
amplitude and time, array and register 
operators, fully annotated displays 
representing actual user parameters, 
variable length memory with up to 
10,000 data points for a single channel, 
eight arrays for display and storage 
and a variable sampling rate from 1500 

Ss per sample to 15 us per sample. 
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Digital radiometer spots 
UV from 320 to 380 nm 





Spectronics, 956 Brush Hollow Rd., 
Westbury, NY 11590. (516) 333-4840. 
A digital radiometer, DM-365N, 
measures ultraviolet radiation in the 
spectral range of 320 to 380 nm. Overall 
accuracy is +5%. Three sensitivity 
ranges cover from 0 to 20,000 n.W/cm?. 
Linearity is +1% over the total range. 
High-quality interference filters con- 
trol spectral coverage, eliminating 
meter sensitivity to infrared and other 
unwanted radiations. The meter is ap- 
proved for Specification MIL-I-6868E- 
CIRCLE NUMBER 390 
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Frequency counter 
operates in a scaling mode | | [)on’t be embarrassed if the 


product you re 
using 


9 

Continental Specialties, 70 Fulton Ter- doesn t 
race, New Haven, CT 06509. (800) 

243-6077. $385. ; compare 

Use of an external timebase allows to this 

operation of a 650-MHz frequency ces 
counter, Model 6001, in a scaling mode. 
The instrument contains a precision 
10-MHz crystal oven oscillator. Use of 
an external reference, through a rear- 
panel BNC connection, allows presen- 
tation in units other than Hertz. The Lots don’t. The PKW-5000, an EPROM Programmer and Z80 Computer, is in a 
6001 can be used as a directly-indicat- class by itself. With powerful capability, ample functions and excellent reliability, 
ing digital display for transducer this extremely compact unit is, nonetheless, expandable. It can be used as an 
translation, flow monitoring, EPROM Programmer as well as a simulator and as a debugger. And don’t be 
tachometry and more. A 5-Hz to 100- embarrassed if you thought it costs more than it does. 

MHz input offers a 1-MQ, 10-pF input 
impedance. A switch-selectable low- 
pass filter in this range provides a 3- 


$8 RRS RAIET 


AURA BBO Row 





For a non-embarrassing comparison contact us for complete information, price 


dB/octave rolloff at 50 kHz to facilitate and delivery. 

audio and ultrasonic measurements. A 

second input covers 50 to 650 MHz, WIESECON PRODUCTS, INC. 

offering a 50-Q input impedance and 525 University Ave., Suite 705, Palo Alto, CA 94301, Telephone (415) 327-4051, TELEX 345549 


fuse protection. An 8-digit LED display 
features lead-zero blanking, 0.43-in. 
characters, a decimal point in the MHz 
position and a contrast enhancement 
filter. 
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Sweep/function generator 
covers 0.002 to 2 MHz 


Leader Instruments, 380 Oser Ave., 
Hauppauge, NY 11787. (516) 231-6900. 


$495. 
A function/sweep generator, Model 


LFG-1300S, covers 0.002 to 2 MHz in 
a eight ranges. Linear and logarithmic 
sweep modes are available with sweep 
widths up to 1000:1 and sweep rates of 
0.5 to 50 Hz. The generator’s output 
frequency can be varied by an external 
0 to 10-V signal. Waveform outputs 
include sine, triangle, sawtooth and 
pulses. Symmetry of the pulse output 
is variable from 9:1 to 1:9. In pulse 
mode, adjustments of pulse width will 
not change the pulse repetition rate. 
Output level is continuously variable 
from 0 to 20 V pk-pk into a 50-Q load. 
A pushbutton attenuator provides up 
to 70-dB attenuation in 10-dB steps. An 
auxiliary connector provides TTL-level 


signals to drive logic circuits. 
CIRCLE NO. 392 
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HAYDEN’S APPLECART IS 


OVERFLOWING WITH... 


SARGON Ii (Spracklens) 

“Buy this program when it becomes available--...an eval- 
uation routine that enabled it to beat the giants!...un- 
equaled in the end game...’ Personal Computing, July, 
1979. Itis able to push passed pawns toward queening, 
play a strong end game, and range in deep play levels at 
end game without user direction. Has 7 levels of play and 
levels 0-3 play in tournament time. It has a randomized 
opening book for all 7 levels of play through 3 moves. A 
hint mode is included at all levels of play but 0. #03404, 
Apple Il, $29.95. 


SLOW LIST/STOP LIST (Gilder) 

Start, stop, and control the speed of your program with 
Apple II's game paddles. You can also control the speed 
at which the disk catalog appears and even terminate the 
CATALOG operation in the middle. The program can also 
be enabled and disabled under software control #03904, 
Apple Ii, $10.95. 


APPLESOFT UTILITY 
PROGRAMS (Gilder) 


Contains 9 subroutines, among them 3 statement for- 
matters: REM, PRINT, and Poke writer. You can calcu- 
late the decimal address of your machine Ss 
language program, renumber the program 
in any increment, join two or more 
programs together, and much 

more. #03504, Apple II, $29.95. 


AVAILABLE 
AT YOUR LOCAL 
COMPUTER 
STORE! 


Or Write To: 
Hayden Book 
Company, inc. ie 


REVIVE (Gilder) 

When a program is accidentally erased, REVIVE searches 
through memory and finds the information that enables 
it to restore the pointers that have been changed. Can 
be loaded at any time, before or after you have entered 
an Applesoft program, or before or after you have ac- 
cidently erased the program. #03604, Apple II, $19.95. 


SONGS IN THE KEY OF APPLE 


(Lopatin) Allows you to see and hear your favorite tunes, 
pre-programmed tunes, or music you create (up to 200 
notes, including rests per musical piece). Multicolor 
graphics accompany all music. #03304, Apple II, $10.95. 
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Rochelle Park, NUN 
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Electronic Design's 
new recruitment newspaper 


is reaching 


130,000 engineers — 


professionally and personally 
on the move 








Career Extra’s May issue 
is Closing April 22 
and mailing May 2. 


Call Roberta Renard 
at (201) 843-0550 
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‘Misrosystams 


uC system brings together modules 
covering wide application range 


Matrox Electronic Systems, 5800 An- 
dover Ave., Montreal, Quebec H4T 
1H4, Canada. $5990; 4 to 6 wks. 

A modular, Multibus-compatible mi- 
crocomputer system with CP/M2.0 
disk operating software, the MACS-10 
by Matrox, brings together many 
board-level uC parts—some already re- 


If you need high vibration 
esistance electrical con- 


leased, some making their first appear- 
ance—to tackle applications ranging 
from software development to OEM 
computers. Not only is all the system 
hardware modular, but the boards are 
available separately to facilitate soft- 
ware development on hardware des- 
tined for a target system. 
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A single-board ZBC-80 computer 
takes advantage of a variety of high- 
level languages, including Pascal, 
Cobol, Basic and Fortran. An FFD-1 
floppy-disk controller/RAM card, con- 
taining 32 kbytes of on-board, dual- 
ported RAM, uses an FD-1795 format- 
ter/controller chip to direct the opera- 
tion of up to four single-sided or dou- 
ble-sided drives. 

A DF-28 dual 8-in., double-density, 
floppy-disk drive and CCB-7 seven-slot 
card-cage/backplane conform to EIA 
19-in.-rack spacing. The ZBC-80 and 
FFD-1 cards occupy two slots in the 
DDB-7, leaving five slots for system 
expansion. If more slots are needed, up 
to three card cages can be stacked 
together for a maximum of 19 free card 
slots. The card-cage/backplane in- 
cludes a power supply and fan. 

The MACS-10 is built around a 4- 
MHz 280A CPU, 48 kbytes of RAM and 
sockets for 8 kbytes of ROM/EPROM. 
Support hardware for the system in- 
cludes a 128-kbyte RAM card and a 
wide selection of alphanumeric and 
graphic video-display controllers. 
CIRCLE NO. 327 





One-board uC develops and 
evaluates Z8-based system 


Zilog, 10460 Bubb Rd., Cupertino, CA 
95014. (408) 446-4666. $1700. 

A single-board microcomputer sys- 
tem, the Z8 Development Module, as- 
sists in development and evaluation of 
hardware and software for systems 
based on the Z8 single-chip micro- 
computer. The module uses a 64-pin 
version of the Z8 to prototype a Z8- 
based system. The code thus developed 
can be transferred to the ROM on a 
mask-programmed version of the Z8. 
Two Z8s are included on the module: 
a program monitor CPU and a user- 
accessible CPU that can also address 
external memory. Two serial RS-232C 
interfaces allow stand-alone use with 
a CRT or connection to the PDS or 
ZDS-1 series development systems. 
The module contains 4 kbytes of 
monitor EPROM and 2 kbytes of static 
RAM. A socket allows addition of 2 
kbytes of EPROM in place of the RAM. 
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Controller interfaces 
hard disks to LSI-11 





Istributed Logic, 12800-G Garden 
Grove Blvd., Garden Grove, CA 92648. 
(714) 534-8950. $1592 (50 qty); stock to 
4 wks. 

A quad-size disk controller, Model 
DQ-201, interfaces DEC’s LSI-11, 11/2 
and 11/23 computers with Shugart’s 
SA 4004 or SA4008 hard-disk drives. 
The board is plug-in ready for the 
LSI-11 sub-Unibus and connects direct- 
ly to the drives without external sup- 
port electronics. A full-sector buffer is 
included to eliminate data late errors 
due to DMA latency. Features include 
automatic media flow compensation 
with bad sector flagging and trans- 
parent automatic track skipping. An 
on-board bootstrap loader with 128 
bytes of spare data area aids special 
applications. Extended memory ad- 
dressing capability is offered to 128 
kwords. Self-test mode is automatic. 
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Single board solves math 
for Multibus systems 


Advanced Micro Devices, 901 Thomp- 
son Pl., Sunnyvale, CA 94086. (408) 
732-2100. $595; stock. 

An arithmetic floating-point proc- 
essor board, Am95/6012, enhances the 
operation of Multibus systems. The 
board performs add, subtract, multiply 
and divide operations in either 32-bit 
single-precision or 64-bit double-pre- 
cision formats. Data format of the 
result conforms to the proposed IEEE 
floating-point format. In a system, the 
Am95/6012 occupies four consecutive 
I/O ports. The CPU addresses the ap- 
propriate port over the Multibus, sends 
operand and command information 
over the same bus and continues with 
other operation. The processor starts 
automatically upon receipt of a com- 
mand. Heart of the board is the stack- 
oriented Am9512 single-chip 
arithmetic processor. Its speed ranges 
from 29 us for a single-precision 32-bit 
add to 2280 us for a 64-bit double- 
precision divide. 
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How to simplify 









C-Meter 


BARREL. T3GA 


Doric's autoranging C-Meter. 


Simply insert capacitor and press the button. Capacitance value is automatically 
displayed in large, LCD numbers. Reduces component costs. Boosts pro- 
ductivity. Improves quality assurance with fewer rejects. Protects your profits. 


Battery powered. No 
cords. No bench clutter. 
Power enough to mea- 
sure over 20,000 capacitors 
— over a year without 
changing batteries. 


Accurate. Accuracy of 
a lab bridge; convenience 
of a portable, automatic 
instrument. 


Versatile. Three sets 

of connectors and test 
clips accommodate most 
capacitors. Offset con- 
trol removes up to 15 pF 
of stray capacitance. 


Autoranging. 10 ranges 
automatically selected. 
Full-scale values of 200 
pF to 200,000 uF... 
Resolution to 0.1 pF 
Fast reading. Only 2 
second up to 200 uF to 
5 seconds at 200,000 uF. 


Available off-the-shelf. Write or call today: Doric Scientific Division, Emerson 
Electric Co., 3883 Ruffin Road, San Diego, CA 92123, 714/565-4415, 

Toll Free 800/854-2708, Telex: 695-001. In Europe: Av. Ad. Lacomble 52, 

1040 Brussels, Belgium. 
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Superchips.™ 
-‘They’re indestructib 









ATC’s ies” N wave porcelain capacitors offer outstanding per- 

forma under extremes of voltage, frequency, time and temperature; in short, 

the best in the industry. They're ideal for the most demanding design applica- 

__ tions because they’re virtually indestructible. Their rugged, self-encapsulated 

_ porcelain construction insures ultra-high Q, high power handling and ultra- 
. stability. No wonder the U.S. Navy dubbed them “Superchips’.™ 







100 Series capacitors are available as chips, pellets (pre-tinned chips), and a 
variety of leaded styles, laser marked for permanent identification of capacity 
value and tolerance. 


For rapid delivery, call ATC at (51 6) 271-9600 or write: 


ob american technical ceramics 
div. of phase ind., inc. 


One Norden Lane, Huntington Station, N.Y. 11746. 
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Mcrosvsiems 


Multi-processor boosts 
PDP-11 computing power 


OVAACS International, 4800 Dufferin 
St., Downsview, ONT M3H 589. (416) 
661-5088. 

A programmable multi-processor, 
MP-8, enhances the computational 
power of a DEC PDP-11 minicomputer. 
The unit can be tailored to meet a wide 
variety of processing needs which re- 
quire complex control, I/O and decision 
functions. The MP-8 contains up to 
eight processing modules communicat- 
ing on a common internal bus. Each 
processor executes programmed func- 
tions, callable and, in some cases 
loadable from a host computer using 
such high-level languages as Fortran. 
A dedicated module interfaces the unit 
to the host computer and can support 
up to six I/O channels. Modules cur- 
rently available include a general- 
purpose processor capable of per- 
forming multiple or single 32-bit word 
or four parallel 8-bit operations. 
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is available 


Bubble memory board 
tips scales at 768-k 





Texas Ins Sion, M/S 308, P.O. Box 


205012. - Dallas, <T26#.:75265. (214) 
238-2011. $3200 to $15,200; 8 to 10 wks. 
The latest addition to the TM990 
family of memory boards is the 
TM990/211, with up to 768 kbytes of 
nonvolatile storage. The board uses the 
TIB1000 million-bit bubble memory 
device. An on-board controller, 
TIB0903, provides complete interface 
to the TM990 bus. Data transfers are 
via the CRU mode. The module can do 
single or multipage transfers at a max- 
imum data transfer rate of 85 kbits/s. 
Average access time is 11.2 ms. The 
module is offered with 1, 2, 4 or 6-Mbit 
devices to provide from 128-kbytes to 

768-kbytes of storage. 
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300 North Zeeb Road™ 


Dept. P.R. 


Ann Arbor; MI 48106 
U.S-A. 





Programmer operates in 
Multibus chassis 





Zendex, 6398 Dougherty Rd., Dublin, 
CA 94566. (415) 829-128). $450; 2 to 4 
wks. 

An EPROM programmer, Model 
ZX-908, operates within a Multibus 
chassis with simple software drivers. 
The board is available in models for 
2716, 2732 or 2732A devices and has the 
capacity to program 16 kbytes in one 
operation. Eight zero insertion-force 
(ZIF) sockets are provided for quick 
and safe PROM insertion and 
withdrawal. The unit requires a 5-V 
supply. An optional cabinet, with 
power supply and cables, allows the 
ZX-908 to operate as astand-alone unit. 
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18 Bedford Row 
Dept. P.R. 

London, WC1R 4EJ 
England 
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Digital rate meter 
visible at 75 ft 





Daedalon, 35 Congress St., Salem, MA 
01970. (617) 744-5310. $495. 

A production machinery rate meter 
uses large, white reflective numerals 
for easy visibility at distances to 75 ft, 
even in bright areas. Numerals meas- 
ure 10 X 7 cm. Rates are measured in 
cycles/s or cycles/min. with +1 count 
accuracy. Rate range is 0 to 9999. The 
input is TTL-compatible, permitting 
connection to a normally-open switch 
or to any rate or distance transducer. 

CIRCLE NO. 399 





SCR power controllers 
handie up to 1000 A 





Halmar Electronics, 900 N. Hague 
Ave., Columbus, OH 43820). (614) 
275-0530. 

Two SCR power controllers, 
LZF2-800 and LZF2-1000, control up to 
800 and 1000 A respectively. The air- 
cooled units are designed for three- 
phase power control of resistive loads 
in standard voltages from 208 to 600 


V ac. The units are zero-fired for low 
noise and rfi-free operation. Power, 
from 0 to 100% of the output voltage, 
can be manually or automatically con- 
trolled. The controllers measure 24 xX 
24 X 11.5 in. 
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High refresh rate ends 
video display flicker 


Calma, 527 Lakeside Dr., Sunnyvale, 
CA 94086. (408) 245-7522. 

A high-resolution video display, 
RB1000, refreshes at a 60-Hz rate to 
eliminate flicker. The high refresh rate 
is made possible by an_ internal 
graphics processor with its own raster 
memory. The 1280 xX 1024 video 
monitor eliminates the “stair-step- 
ping” appearance of nonorthogonal 
lines. The black-and-white screen pro- 
vides good contrast and clarity for 
graphics and text. Selective erase in- 
creases productivity by reducing 
screen repainting. Multiport views al- 
lows a user to work in any single view 
without affecting the other views. 
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HIGH VOLTAGE FOR CRT APPLICATIONS 


COMMERCIAL 


2 to 30kV, 3 to 30 watts, 
high voltage power supplies. 
Custom flyback transformers. 


MILITARY 


Mil grade units for ground, 
ship and aircraft. 


L.V./H.V. COMBO’S 

High voltage power supplies 
combined with a multiple 
output low voltage switcher. 
SPECIALS 


Miniature and sub-miniature 
high voltage power supplies 
to 20kV. Ultra stable or ultra 
low ripple designs. 


H.V. CONNECTOR & 
LEAD ASSEMBLIES ® 


Amp LGH types to 20kV. 


For technical assistance or 
pricing call Wayne Hamari 
toll free (outside California) 
1-800-235-4148 
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MAJOR FEATURES: 


The C-325 Provides All Voltages (except heater) for High Resolution 
Shadow Mask Color CRT’s ® Anode is 20 - 25KV @ 1.2ma @ Focus 
@ is 4.75 -6.25KV @:15uA @ G2 is 75 - 750V @+5uA ®@ G71 is-200V 
@500uA @ Provision for Capacitively Coupled Dynamic Focus 
Voltages 300Hz to 250KHz (-3DB) up to 
@ 1KV Peak to Peak @ TTL Compatible 
On/Off Control @ Input on C-325-01A 
is 38V +2V @ Operating 
Temperature is 0 - 70°C 
Case @ Input , Output 
and Mechanical Options 
Available @ 


3 YEAR WARRANTY 


1173 Los Olivos Avenue, Los Osos, CA 93402 
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Designed with computer programmed correction, Waters conductive 
a) Feleiilon ele) tcwr-lalel<\lc)aniclaliciclacutnlenel ais) c)m cen (el0) mane cieelileellecc1A Ven icicle 
feye(ej-er] 6)6)|ferslie)aram ll alon/ac@)iis\an(@)a\e)ae)tclilelar-lmilicna (ei eleite)elaciagole)tal 
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2" diameters with accuracy to 0.1% terminal linearity. Elements 
are built to your specifications from 14" to 40" in length to al- 
most any resistance value. 

Waters customer service team inciudes an engineer- 
‘ing services group which processes every customer 
inquiry and will consult with you to review existing 

applications and provide assistanc. On new ones. 
Call Bob West at (617) 358-2777 
rcle reader service card for complete 


Wayla we MA 01778 617- 358-277 
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Eatic tape ending systems - 


World-wide computer data interchange . 
| () Archival data storage | 
(J Disc back-up 
L] IBM and ANSI compatible formats © 
| (J Transfer rates to 100,000 bytes/sec. 
| © Dual buffers to ———— 


; Corporatio a PE 


i iego, CA 92123 _ : 2o084 TWX: 910- 335- 1524 
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subassemblies 


Keyboard performs to 
military requirements 





Interface Products, 2185 S. Grand 
Ave., Santa Ana, CA 92705. (714) 
549-4977. 

A 12-key keyboard meets military 
requirements for illumination, as well 
as the demands of MIL-STD-202 for 
dielectric, salt spray, insulation re- 
sistance, humidity, shock, vibration 
and thermal shock. A standard model 
has 0.375-in. square keys although oth- 
er versions are offered with 10 or 16- 
key configurations and 0.5 in. square 
or 0.5 X 0.37 in. rectangular keys. 
Switch pressures range from 10 to 25 
oz and afford positive tactile feedback. 
Switch travel is typically 0.03 in. The 
switch’s PC board uses 2-0z copper with 
gold-over-nickel plating. 

CIRCLE NO. 454 


CRT monitor mounts in 
page or TV configuration 


Video Monitors, 2533 A2 Bernice Rd., 
Lansing, IL 60438. (312) 895-3012. 4 
wks. 

A high-resolution, raster-scan CRT 
module, Model M15P1024H, mounts on 
a chassis in a page or TV configuration. 
Definition is 1024 visible lines in 1/60 
s for noninterlaced operation or 2048 
lines in 1/30 s for interlace operation. 
Scan frequency is approximately 64 
kHz. Separate synchronizing TTL in- 
puts are accepted. Video bit streams to 
80 Mbits/s are handled by a wide 
bandwidth video amplifier. The 
monitors are supplied with white P4 or 
PC104 phosphors, but can be supplied 
with any standard EIA-registered 
phosphor. 
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High-level language runs 
on SBC-80 one-board Cs 


Zendex, 6398 Dougherty Rd., Dublin, 
CA 94566. (415) 829-1284. $450. 

A high-level programming language, 
SBC-Forth, runs on Intel’s SBC-80 
series of single-board computers and 
National’s equivalent series of BLC-80 
products. A resident assembler, com- 
piler and editor can eliminate need for 
costly microcomputer development 
systems. Their interactive nature al- 
lows SBC-Forth to be coded and tested 
in small, easy-to-handle portions—all 
in a single session. The software is 
capable of symbolic debugging since 
routines are invoked by their actual 
name. Each routine definition name is 
fully entered in a variable dictionary. 
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Real-time executive 
offers improved speed 


Process Computer Systems, 750 N. Ma- 
ple Rd., Saline, MI 48176. (313) 
429-4971. 

A real-time executive package, RTX, 
offers an alternative to the recently 
released Industrial Pascal. RTX is 
more compact than the Pascal package, 
requiring less than 2.1 kbytes of ROM. 
In addition, RTX operates in from 600 
to 800 us per event, compared to 3 to 
5 ms for Industrial Pascal. Industrial 
Pascal is best suited for target environ- 
ments where the average event oc- 
curance time is slower than 10 ms or 
a rate of less than 100 events/s. At 
more than 200 events/s, RTX excels. 
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Software package adds 
strength to Fortran IV 


Software ’70, P.O. Box 3623, Anaheim, 
CA 92808. (714) 992-2230. $295. 
Fort/Lift, a software package for 
most minicomputers, microprocessors 
and mainframes, extends the capabili- 
ties of Fortran IV. The package con- 
tains 24 Fortran-callable subroutines 
‘to provide a full complement of charac- 
ter string and substring processing 
functions, ordered table manipulation 
function, disk file sort with multiple 
sort keys and in-memory sort. In addi- 
tion, the package creates and main- 
tains file which are accessed randomly 
by free-format record keys. 
CIRCLE NO. 458 
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Cross software develops 
code for Z8000 uP 


Zilog, 10460 Bubb Rd., Cupertino, CA 
95014. (408) 446-4666. $10,000. 

The Z8000 Cross-Software Package 
allows users of PDP-11 minicomputers 
to develop code for the 16-bit Z8000 
microprocessor. The package includes 
a compiler for the C programming 
language, a code optimizer for the C 


compiler, a Z8000 assembler, a linker 
and an upload/download program 
compatible with the Z8000 develop- 
ment module. The package runs on 
Western Electric’s seventh edition of 
Bell Laboratories’ UNIX time-sharing 
system. The software package enables 
users of PDP-11 systems to take advan- 
tage of the tools of a larger computer 
system to develop Z8000 software. 
CIRCLE NO. 459 





Diagnostic Emulator™ 
for Z-80* 





Microprocessor Support 








® Real time trace memory 
® Tandem breakpoints and scope loops 


@ User programmable diagnostics 
© Portable stand-alone emulation 


Engineering Develooment 
software and Hardware Integration 


Production Testing 


Functional Test and Rework 


Field Servicing 


Portable Field Trouble-Shooting 






APPLIED 


* Z-80 is areg. Trademark of Zilog, Inc. 


FOR INFORMATION 
CALL (206) 823-9944 


MICROSYSTEMS 11064 118th PLN-E. KIRKLAND, WA 98033 
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VHRINITHCEL 


a division of Vernitron Corporation 
300 Marcus Boulevard, Deer Park, N.Y. 11729 
(516) 586-5100 / TWX 510-227-6079 


POTENTIOMETRIC TYPE PRESSURE TRANSDUCERS * VIBRATORS * MOTOR GENERATORS 


SERVO « STEPPER * SYNCHRO/ DIGITAL CONVERTERS * READOUTS « BRAKES & CLUTCHES 
INERTIALLY DAMPED AND HYSTERISIS SYNCHRONOUS MOTORS 


CIRCLE NUMBER 134 





See LAE 
OP TEN: 
IN THIS 
ISSUE 


264 





Materials 
Multilayer laminate 
resists blistering 






Westinghouse Electric, Micarta Div., 
Hampton, SC 29924. (808) 943-2311. 
A high-reliability FR-4 laminate, 
Grade 65M31, resists blistering and 
other failures during processing. The 
glass-base laminate was developed as 
a multilayer PC board material. Its 
glass transition temperature, a meas- 
ure of its resistance to blistering, ex- 
ceeds 165 C. Grade 65M31 is also resis- 
tant to halogenated solvents used in 
stripping. This characteristic 
eliminates surface deterioration, 
which can cause cracking of exposed 
surface layers. The laminate exhibits 
good etch-back qualities and good 
dimensional stability. The Micarta ma- 
terial comes in 36 X 48-in. sheets in 
thicknesses from 0.002 to 0.02 in. All 
copper foil constructions are offered. 
CIRCLE NO. 406 
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Opaque epoxy shields — 
light-sensitive components 





Epoxy Technology, 14 Fortune Dr., 
Billerica, MA 01821. (617) 667-3805. $18 
(8-oz kit). 

A black, two-part epoxy compound 
for coating or potting, Epo-Tek 320, 
protects light-sensitive components. 
The opaque material adheres to glass, 
ceramics, quartz, metals and most 
plastics. A 0.0005-in. thick film of Epo- 
Tek 320 transmits less than 0.0001% of 
light over a range of 3000 A to one 
micron.Pot life is at least 1 to1-1/2 h; 
shelf life, one year at room tem- 
perature. Viscosity at_25°C is 3260 cp; 


lap shear strength; 1500 lb/in.?. Epo- 


Tek-320-is-available in 8-oz evaluation 
kits. 
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BRUSHLESS D.C. 
DISC DRIVE MOTOR 
MOSEL 270p 


kK 


ROTOR) 


Dc drive spindles 


Detailed design and performance 
data on the Sextant Model 4700 brush- 
less de drive spindle for computer 
memory disks is contained in a data 
sheet. Rotron, Woodstock, NY 
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Two-component epoxies 


Product description, advantages, 
mix ratios, cure times, viscosities and 
pot lifes for two-component epoxies are 
detailed in a brochure. Typical uses are 
listed. Amicon, Lexington, MA 
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Isolation amplifiers 


Detailed specifications of isolation 
amplifiers are given in a 16-page 
catalog. Application notes, technical 
selection guides and aglossary of terms 
are included. Intronics, Newton, MA 
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HV power supplies 


Solid-state, regulated and un- 
regulated, rack-mounted, miniature, 
modular and series regulated high- 


voltage power supplies are described in 


a 12-page catalog. Photos and specif- 
ications are included for over 1300 
models. Spellman High Voltage Elec- 
tronics, Plainview, NY 
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HOSTILE ENVIRONMENTS 
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Test instruments 


A 36-page catalog, Instruments for 
Testing and Design, describes solder- 
less breadboards, instrument cases, 
logic probes, frequency counters and 
test other instruments. Continental 
Specialties, New Haven, CT 

CIRCLE NO. 412 


Precision thermistors 


Specifications, tolerance and 
temperature-resistance data and ap- 
plications of thermistors are given in 
a 20-page booklet. Yellow Springs In- 
strument, Yellow Springs, OH 
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Miniature lamps 


Miniature precision lamp specifica- 
tions, such as lumen output, color tem- 
perature, filament dimensions, lamp 
life and electrical characteristics, are 
given in a 16-page catalog. Gilway 
Technical Lamp, Woburn, MA 
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STACOSWITCH means 
the finest lighted 
display switches 








Whatever your lighted display pushbutton switch or indi- 
cator requirements Stacoswitch has a standard product 
to fit the need. Select from the finest switches available, 
with the widest range of standard options offered. Design 
qualifications, premium grade materials, and precious 
metal alloy contacts all add up to reliable, trouble-free 
service life. 


MIL-SPEC—Series 40 
Switches listed under 
M22885/56 and M22885/52. 


SEISMIC QUALIFIED— 
|.E.£.E. Standard 344-1975 
and TVA 2000 Appendix ‘‘C”’. 


FOUR SWITCH ACTIONS— 
Momentary, alternate, 
magnetic held, or mechanical 
latch-down. 


CIRCUITRY OPTIONS— 
2PDT or 4PDT; 4-lamp 
common ground or split. 
lamp ground. 


MOUNTING FLANGE 
WIDTHS—Choose .781” sq. 
to QPL specifications or 
.870” sq. for applications 
requiring a wider flange. 


DISPLAY OPTIONS—One to 
four message areas, eight 
legend styles, six colors, 
three character heights... 

a multitude of standard 
variations. 


OTHER FEATURES—Gold 
plated contacts, EMI/RFI 
shielding, keyed pushbuttons, 
relamp from front of panel, 
matching indicators. 





Get the full story now. Write for free illustrated catalog 
giving complete description and specifications. 


STACOSWIT Cr 


a STACO, INC. company 
1139 BAKER STREET, COSTA MESA, CALIF. 92626 
(714) 549-3041 TWX: 910/595-1507 






O) 
. io 


Other STACO Company products: Custom Transformers, STACO 
TRANSPOWER, Richmond, Indiana; Variable Transformers, STACO 
ENERGY PRODUCTS, Dayton, Ohio. 
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DIRECTORY 





Chase them with GOLD BOOK. Some directories promise more 
than they deliver. You don’t find the products you’re seeking. You 
can’t locate the manufacturer’s address you need. Distributor 
directories have been eliminated. But check ELECTRONIC 
DESIGN’s GOLD BOOK. Here you'll find the World’s Most 
Complete Electronics Directory. Every effort has been made by the 
GOLD BOOK editorial staff to publish a listing on every known 
electronic component, sub-system, and system — and their 
manufacturers. Over 10,000 US and non-US manufacturers are 
listed, many with complete sales outlet listings (sales offices, reps 
and distributors). Two distributor directories (one alpha, one geo) 
and a trade name directory complete the editorial file. Specs on 
thousands of products provided by hundreds of manufacturers 
complement the editorial listings. Every time you need a directory 
— reach for GOLD BOOK. It’s a sure cure for the blues. 


“Over 108,000 Distributed Worldwide.” 


Hecironic Desi 
GOLD BOOK 


THE WORLD'S MOST COMPLETE ELECTRONICS DIRECTORY 








Hayden Publishing Company Inc. 
50 Essex St., Rochelle Park, NJ 07662 ¢ 201-843-0550 
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Bellows 


A 12-page catalog includes formulas 
and a table of convolution properties 
for bellows. Design factors and typical 
parts are depicted for electroforms. 
Servometer, Cedar Grove, NJ 
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Dc power supplies 


Switching and linear, single and 
multiple-output de power supplies are 
described in an eight-page catalog. The 
catalog contains input and output rat- 
ings, power ranges and mounting 
dimensions for the 9E and 9N Super- 
Switcher, SM submodular, OEM linear 
and other specialized lines. Powertec, 
Chatsworth, CA 
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I/O systems 


A new generation of I/O systems, for 
local job site monitoring and control 
and for remote job sites, is described 
in a 14-page catalog. Opto 22, Hunt- 
ington Beach, CA 
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Filters, capacitors 


More than 1000 RFI/EMC filters and 
feedthrough capacitors are described 
in a 44-page booklet. Mechanical and 
electrical specifications for filters, 
rated from 0.5 to 400 A, are provided. 
RFI, Bay Shore, NY 
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Switches 


A 174-page catalog contains a com- 
prehensive listing of switches, pilot 
lights and control devices. Relay Spe- 
cialties, Fair Lawn, NJ 
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uP-based annunciator 


The operation and features of a uP- 
based annunciator are described in a 
22-page brochure. Specifications, op- 
tions and ordering information are in- 
cluded. Rochester Instrument Sys- 
tems, Rochester, NY 
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Coaxial transmission line 


A 24-page catalog describes the 
standard lengths in which rigid coaxial 
transmission line are available, along 
with information on end-fitting con- 


oe 


figurations, components, hardware 
and installation accessories. FM broad- 
cast antennas are also described, along 
with performance characteristics. 
Phelps Dodge Communications, Marl- 
boro, NJ 
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Power converters 


Specifications and price information 
on more than 1000 power converters 
are given in a 82-page catalog. Tec- 
netics, Boulder, CO 
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~-formore information, 
1. CalkTOEL FREE* 800-631-4298 


ee 


‘ELECTRONIC 


MEASUREMENTS INC. 


E~ A05 essex Rodd, Neptune, NJ 07753 
* The world’s largest manufacturer of SCR power supplies 


*Except in New Jersey, Alaska, Hawail'and Canada, Call 
(201) 922-9300 
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EDP cables 


Cables for electronic data processing 
systems are covered in a 28-page 
catalog. Application notes are pro- 
vided. Times Wire and Cable, Wall- 
ingford, CT 
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Packaging systems 


A 145-page catalog contains in- 
formation on microelectronic pack- 
aging systems and hardware. Mupac 
Corp., Brockton, MA 
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LED lamps 


A 15-page catalog features LED 
lamps and display devices. TEC, 
Tucson, AZ 
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Flat cable 


A 40-page catalog describes flat 
cable assemblies, connectorized flex- 
ible circuits, transmission-line as- 
semblies and PC boards. T&B Ansley, 
Los Angeles, CA 
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Electronic packaging 


A 60-page handbook describes pack- 
aging products, including IC sockets, 
I/O and PC-board connectors, flat- 
cable interconnection systems and con- 
nectors. Each product section features 
diagrams, photos, mechanical/envi- 
ronmental/electrical specifications, 
truth tables and dimensional data. 
Stanford Applied Engineering, Santa 
Clara, CA 

CIRCLE NO. 427 


268 


Machinable glass ceramic 


Machinable glass ceramics are de- 
scribed in an eight-page booklet. 
Graphs provide details of the materi- 
al’s performance in terms of strength, 
temperature, permeation, outgassing 
and electrical properties. Corning 
Glass Works, Corning, NY 
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Relays 


Nearly 1350 stock relays and ac- 
cessories are listed in a 44-page catalog. 
Also included are voltage sensors, 
special-purpose relays and a wide 
choice of relay sockets, both chassis 
and PC-board mount. Potter & Brum- 
field, Princeton, IN 
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Strip sockets 


Strip and pin-line DIP sockets for 
mounting liquid-crystal displays, other 
high pin-count or odd-centered compo- 
nents are described in a data sheet. 
Aries Electronics, Frenchtown, NJ 
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Control knobs 


Specifications for more than 500 
types of control knobs are given in a 
16-page catalog. Items listed include 
round, pointer, bar pointer, concentric, 
tactile and crank knobs, as well as knob 
and shaft locks and self-locking de- 
vices. Raytheon, Burlington, MA 
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GaAs FETs 
Three data sheets present electrical 
specifications, typical performance 


curves and outline drawings of GaAs 
FET amplifiers. The first data sheet 
covers units in the 2 to 4-GHz frequen- 
cy range; the second describes units in 
the 4 to 8-GHz range; the third details 
units available for 8 to 12.4 GHz. 
Aertech Industries, Sunnyvale, CA 
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Electronic test accessories 


A 100-page catalog describes elec- 
tronic test accessories. Conversion 
tables of temperatures, metric con- 
version chart, BNC and triaxial cable 
procedures and a cross-index of connec- 
tor MIL numbers are provided. ITT 
Pomona Electronics, Pomona, CA 

CIRCLE NO. 433 


Memory systems 


The architecture and operation of 
Series 90 general-purpose memory sys- 
tems are described in a six-page cat- 
talog. Intel, Santa Clara, CA 
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Portable oscilloscope 


Specifications of the OS3600, a dual- 
trace oscilloscope designed for lab or 
field measurements on both advanced 
digital and conventional electronic 
circuits, are given in a _ two-page 
catalog. Gould, Instruments Div., 
Cleveland, OH | 

CIRCLE NO. 435 


Software 


A 20-page applications software 
brochure is illustrated with photos, 
charts and line drawings. CRT screen 
illustrations aid the user in following 
the system descriptions. Educational 
Data Systems, Irvine, CA 
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Analog test systems 


An 18-page brochure focuses on the 
A310 Series of analog LSI test systems 
designed for testing codecs, precision 
converters and other complex compo- 
nents containing analog and digital 
circuitry. Teradyne, Boston, MA 
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Glass tubing 
Data on two types of glass tubing for 
the manufacture of halogen re- 
generative cycle lamps are given in a 
four-page catalog. A complete list of 
available sizes and wall thicknesses is 
provided. General Electric, Lamp Com- 
ponents Sale Operation, Cleveland, OH 
CIRCLE NO. 438 
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TEN en ee Another Red Hot Idea 


ROCKWELL From Cambion ee 


GET TO 
THE MOON. 


WE’RE 
STILL 
HELPING! 


Pictured above is a copy of a label printed for 
the Space Systems Group of Rockwell International in July of 1979. 


When Rockwell went to the Moon, we helped them with many of 
theirlabeling needs. Nowasthey make a better world, we’re prouder 
than ever that we are still helping them with their pressure sensitive 
decals, nameplates & labels. 


Steven Label Corporation is helping our customers do things to 
make a better world, and we are proud to be a part of those 
things. We are providing them with a quality and service that they 
can depend on, as it was depended on when traveling to the Moon 


. .. Electronic Refrigeration 
ten years ago. 


Call Steven to steer you in the right pressure sensitive direction . .. Electronic refrigeration, i.e. a thermoelectric 


whether it be to the Moon or close at hand. * 7 ; 
: module plus a heat sink, can maintain cool 
silk screen decals ¢ printed labels ¢ alum. nameplates : : j 
temperatures in a variety of electronic 


BUG STEVEN LABEL CORP. packages. Call or write today for 
P.O. Box 3688, 11926 Burke Street, Santa Fe Springs, CA Cataloa 300 
3 . Cc. CAMBRIDGE THERMIONIC CORPORATION 


90670 (213) 698-9971, (714) 521-2045, toll free in CA 
445 CONCORD AVENUE, CAMBRIDGE, MASSACHUSETTS 02238 Telephone (617) 491-5400 





(800) 352-4330 Outside of CA call (800) 423-4709 
STICK WITH STEVEN 
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21 Shall Find 
Q in the 
GOLD BOOK 


With over 5500 Product Headings and 
over 10,000 US and non-US companies listed, 
virtually every electronic product—component, 
sub-system, and system—can be found in 
ELECTRONIC DESIGN’s GOLD BOOK. Your 
search for products starts here. In the World’s 
Most Complete Electronics Directory. 


“Over 108,000 Distributed Worldwide” 





ocIronic Desi 
GOLD 


THE WORLD'S MOST COMPLETE ELECTRONICS DIRECTORY 


Hayden Publishing Company Inc. 
50 Essex St., Rochelle Park, NJ 07662 @ 201-843-0550 
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Cables 


How to quickly and accurately select 
the exact microcomputer and peripher- 
al interface cable needed for your re- 
quirements is shown in a catalog. In- 
mac, Santa Clara, CA 

CIRCLE NO. 439 


Analyzer/recorder 


An eight-page bulletin, fully il- 
lustrated with block diagrams, graphs, 
instrument printouts and information 
in tabular form, focuses on the latest 
innovation in line disturbance monitor- 
ing. The bulletin describes the hard- 
ware, interfaces and theory involved in 
impulse strength measurement and ex- 
plains the significance of the resulting 
data. Dranetz Engineering Labora- 
tories, South Plainfield, NJ 

CIRCLE NO. 440 


application 
ut 


Foil capacitors 


The Noninductive Myth debunks the 
popular misconception that extended 
foil capacitors are noninductive. It also 
provides formulas and graphs to allow 
the calculation of the inductance of all 
common geometries used with capaci- 
tors. CSI Capacitors, Encondido, CA 

CIRCLE NO. 441 


LEDs 


Design features of LED matrices, 
including voltage-current character- 
istics and luminous intensity, are de- 
scribed in a 28-page catalog. Design 
problems and multiplexing techniques 
are discussed. Lamp Div., General In- 
strument, Chicago, IL 

CIRCLE NO. 442 


Partials testing technique 


An application report describes how 
J387 and J887A memory test systems 
can be used to test for partials— 
dynamic RAMs in which some bits are 
nonfunctional. The technique allows 
the use of devices that would otherwise 
be rejected. Teradyne, Memory Prod- 
ucts, Woodland Hills, CA 

CIRCLE NO. 443 





Thermal printheads 


How the printing rate of thick-film 
thermal printheads can be maximized 
by using external means to compensate 
for the inherent physical properties of 
the printing element is illustrated in 
a two-page data sheet. Gulton In- 
dustries, Hybrid Microcircuit Dept., 
Metuchen, NJ 

CIRCLE NO. 444 


Bipolar transistors 


A 4.38-GHz Oscillator Using the 
HXTR-4101 Bipolar Transistor takes a 
step-by-step approach to creation of an 
oscillator with maximum output power 
at a desired frequency. This analytical 
approach is appropriate for use with 
GaAs FETs as well as silicon bipolar 


transistors. Hewlett-Packard, Palo 
Alto, CA 

CIRCLE NO. 445 
Thick-film trimming 


The objectives and principles behind 
laser trimming of thick-film resistor 
networks are covered in a 16-page 
brochure. Teradyne, Boston, MA 

CIRCLE-NO. 446 
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_.. JUST ZIP IT ON! 


Here's the fast, neat, economical way to permanently 
protect wire and cable from RFI, electrostatic or magnetic 
interference, as well as abrasion and moisture. Shielded 
Zippertubing jackets have a patented zip-trac closure. . . 
come complete with a grounding strap in a choice of 
materials and shield types for flexible or rigid installation 
and for flat ribbon cable. Call or write for specs and prices. 
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13000 S. Broadway, Los Angeles, CA 90061 
(213) 321-3901 @ TWX 910-346-6713 
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CUBIT INTRODUCES 


PROGRAMMING 
POWER 


THE EPROM PROGRAMMER DESIGNED 
EXCLUSIVELY FOR THE AIM-65 


‘Zero Insertion Force Socket’ 
for EPROM programming 


‘Powerful Monitor’ contains 
all programming routines. 


. ‘EPROM Expansion’ for 8K of 
user programmed EPROM. 


‘Female Connector plugs direct 
onto the AIM-65 expansion bus. 
Male connector plugs into 


! For more information on AIM- 
65 programming power call or 


CdBI 


AIM-65 is a trademark of Rockwell International Corporation 
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AIM-65 






(415) 962-8237 
2267 Old Middlefield Way 


Mountain View, CA 94043 





ELECTRONIC DESIGN 8, April 12, 1980 








































ELECTRONIC DESIGN’s function is: 
= To aid progress in the electronics manu- 
facturing industry by promoting good de- 
sign. 
= To give the electronic design engineer 
concepts and ideas that make his job easier 
and more productive. 
= To provide a central source of timely 
electronics information. 
a To promote communication among mem- 
bers of the electronics engineering com- 
munity. 
Want a subscription? ELECTRONIC DESIGN 
is circulated free of charge to those individ- 
uals in the United States and Western 
Europe who function in design and develop- 
ment engineering in companies that in- 
corporate electronics in their end product 
and government or military agencies in- 
volved in electronics activities. For a free 
subscription, use the application form 
bound in the back of the magazine or write 
for an application form. 
If you do not qualify, paid rates for a year’s 
subscription (26 issues) are as follows: $35. 
U.S., Canada, Mexico, Central America. 
International annual subscription rates 
listed below include air delivery: $65. Eu- 
rope; $100. Mideast, North Africa, South 
America, Japan; $130. Central and South 
Africa, New Zealand, Australia and all 
other Asia. Single copies (when available) 
may be purchased for $4. U.S., Canada, 
Mexico, Central America and $5. in all other 
countries. The GOLD BOOK (27th issue) 
may be purchased for $35. U.S., Canada, 
Mexico, and $45. all other countries. 
If you change your address, send us an old 
mailing label and your new address; there 
is a card bound into the back of the magazine 
for this purpose. Please allow 6 to 8 weeks 
for address change to become effective. You 
must requalify in order to continue receiv- 
ing ELECTRONIC DESIGN free of charge. 
The accuracy policy of ELECTRONIC DESIGN 
is: 
= To make diligent efforts to ensure the 
accuracy of editorial matter. 
= To publish prompt corrections whenever. 
inaccuracies are brought to our attention. 
Corrections appear in “Reader Feedback.” 
= To encourage our readers as responsible 
members of our business community to 
report to us misleading or fraudulent ad- 
vertising. 
= To refuse any advertisement deemed to 
be misleading or fraudulent. : 
Individual article reprints and microfilm~ 
copies of complete annual volumes are avail- 
able. Reprints cost $6.00 each, prepaid ($.50 
for each additional copy of the same article), 
no matter how long the article. Microfilmed 
volumes cost $23 for 1976 (Vol. 24); $30 for 
1973-75 (Vols. 21-23), varied prices \ for 
1952-72 (Vols. 1-20). Prices may change. For 
further details and to place orders, contac 
Customer Services Dept. University Micro- 
films, 300 N. Zeeb Rd., Ann Arbor, MI 48106. 
(318) 761-4700. 
Want to contact us? If you have any com- 
ments or wish to submit a manuscript or 
article outline, address your correspondence 
to: 

Editor 

ELECTRONIC DESIGN 

50 Essex St. 

Rochelle Park, NJ 07662 


ELECTRONIC DESIGN 8, April 12, 1980 


Electrical steel 


How to select the proper shape, 
grade and gauges of electrical steel for 
both power and signal transformers is 
shown in a catalog. Magnetic Metals, 
Camden, NJ 

CIRCLE NO. 447 


Solid-state keyboards 


An introduction to solid-state capac- 
itive keyboards and application data 
are provided in a 14-page brochure. 
Step-by-step instructions and flow 
charts allow a user to customize the 
keyboards to meet his needs. Cherry 
Electrical, Waukegan, IL 

CIRCLE NO. 448 


Woven wire and cable 


Applications of woven wire and cable 
are explained in a six-page catalog. 


Woven Electronics, Mauldin, SC 
CIRCLE NO. 449 


Integrated circuits 


Many applications for the company’s 
timer, counter and display driver ICs 
are detailed in a 30-page handbook. 
Intersil, Cupertino, CA 

CIRCLE NO. 450 


Motors 


How the innovative application of 
existing time-tested technology makes 
it possible to protect motors under 
overload conditions before they are 
damaged is discussed in a six-page 
note. Klockner-Moeller, Natick, MA 

NO. 451 


_Matched, a. 
The use and applications 0 thermist- 


ors in ecology instrumentation are de- 


scribed in a 24-page catalog. Fenwal, 


Electronics, Framingham, MA 
CIRCLE NO. 452 
Pgs 


rr 3 


~Thick-film capacitors 


Dielectric and overglaze materials 
capable of solving problems commonly 
encountered in thick-film capacitor 
fabrication are covered in a paper. 
Electro-Science Laboratories, Penn- 
sauken, NJ 

CIRCLE NO. 453 
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Engineering Professionals have advantages at Gilbarco 





Here are 9D good reasons to 
live and work in Greensboro, 


North Carolina: 


First, Climate: 
In Greensboro, you get four moderate seasons. A long Indian Summer, 


with warm days and cool nights. A temperate winter—just enough snow to be pretty. 
And there’s plenty of sunshine year-round. 





Second, Education: 
We've got everything from well managed public schools to prominent 


colleges and universities. You’ll also find a wide variety of schools specializing in exceptional 
children, college preparation, etc. 


Thira, Recreation & The Arts: 


Greensboro has noted art galleries, famous golf courses, and plenty of tennis courts. 
All surrounded by beautiful parks, covering more than 2600 acres. Or, enjoy the nearby 


Atlantic Coastline and the Blue Ridge Mountains. 
Fourth, Cost-of-living: 


You'll find this as moderate as our climate. 


Fittn, (we saved the best till last), Gilbarco is here: 

We're a dynamic subsidiary of Exxon, designing and producing precision 

fuel dispensing systems and monitoring instruments. And we’re diversifying into many other areas. 
You'll find a unique blend of small company teamwork and big company resources. 


We’re currently looking for: 

Senior Engineer/Systems BSEE and 2 years’ hardware and 3 years’ software design experience in mini or microcomputer based 
systems. Telecommunications experience is desirable. You will propose, design and implement systems solutions for customers’ -——~ 
needs. Senior Engineer Affiliate Support International responsibility for technology transfers. Limited international travel. 
You must be a technically current solution oriented generalist with 3+ years experience. Test Engineer/ Electronics Analysis 
and design of hardware/software interface programs for automatic assembly test. BSEE or equivalent and 3 + years’ experience in 
design, analysis and construction of electronic circuitry required. Senior Electronic Engineer Project responsibility. 3+ years’ 
experience in designing microcomputers, using microprocessor chip sets (Hardware/ Software). Also designing digital logic (TTL, 
MOS, etc.), analog circuits, power supplies and new technology (Displays, etc.). 


We offer excellent salaries and benefits packages. 
For consideration, please send your resume including salary history to Ms. Gail Payne, Employment Department ED-4, 
Gilbarco, P.O. Box 22087, Greensboro, N.C. 27420 


Giilloarco 


An exceptional way of working — and living. 
A wholly owned subsidiary of EXON Enterprises Inc. 
We are an equal opportunity employer and invite 
response from minority and female applicants. 





Engineers testify at 
energy hearings 


Four representatives of the engi- 
neering community blamed environ- 
mental restrictions and government 
inertia for contributing to the energy 
crisis, as the first nongovernment wit- 
nesses before the U.S. House of Repre- 
sentatives’ Subcommittee on Energy 
Research and Production, chaired by 
Congressman Mike McCormack (D- 
WA). Their testimony, on Feb. 28, 
advocated ways to assure the U.S. 
adequate future supplies of energy and 
nonfuel resources and concluded three 
days of activities sponsored by this 
year’s Engineers Public Affairs Forum 
held in Washington DC. 

First to testify was Thomas H. Lee, 
staff executive, power systems techni- 
cal operations, General Electric (Fair- 
field, CT). Dr. Lee argues that electrici- 
ty derived from domestic coal, hydro 
and nuclear fuel should be substituted 
for imported oil and gas to produce 
industrial heat and steam. He suggests 
that energy independence will require 
increased utility rates, the construc- 
tion of more conventional and nuclear- 
powered generating plants and revised 
environmental protection rules that 
allow for growth in generating capaci- 
ty. Dr. Lee defends his position on the 
use of electricity as boiler fuel, despite 
thermodynamic inefficiency, on the 
grounds that it solves a pressing politi- 
cal problem—though it is not the “ide- 
al” technical solution for the long term. 

As the next witness, Lewis Conta, 
engineer in residence, Engineering So- 
cieties Commission on Energy (Wash- 
ington D.C.) graphically demonstrated 
petroleum use trends over the past 30 
years. His data show oil consumption 
rising while production levels off and 
new discoveries dwindle. For the short 
term, he predicts gasoline rationing is 
mandatory; the lead-time to do any- 
thing with synthetic fuels in the 1980s 
is already gone. 

William H. Dresher, dean of mines 
at the University of Arizona, used his 
time before the Subcommittee to enu- 
merate the many nonfuel mineral 
imports on which the U.S. depends. 
He criticized government regulations 
on nonfuel mineral production, 
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including environmental restrictions, 
health/safety regulations, tax laws 
and patent policies. 

Finally, Edgar Pavia, President, 
Pavia-Byrne Engineering Corp. (New 
Orleans, LA) criticized all environmen- 
tal legislation presently on the books 
and expressed hostility to advocacy 
positions that have attempted to delay, 
if not completely stop, nuclear power 
plant construction. His testimony, 
laced with such phrases as “pseudo- 
environmental groups” and “no- 
growth crowd,” received favorable 
comments from Chairman McCormack. 


New rules announced 
for IEEE petitioners 


Starting with the 1981 election, peti- 
tion candidates for IEEE president and 
executive vice president can no longer 
get on the ballot by petitioning in just 
a few large regions to demonstrate 
support from 1% (or more) of the mem- 
bership. Successful petitioners must 
now show at least 1% support within 
a majority of IEEE regions. Similar 
rules apply for regional director posts. 
Petitioners here must show support 
from a majority of sections within a 
region. 

Of the ten IEEE regions, six are 
within the U.S. Therefore, a domestic 
presidential candidate could get all the 
signatures necessary without canvass- 
ing foreign IEEE members. 


Technical exchanges falter 
between U.S. and USSR 


In at least three separate actions, U.S. 
engineering groups have suspended or 
terminated relationships with their 
peers in the USSR. 

On February 25, the IEEE sus- 
pended its 20-year tradition of annual 
technical exchanges with the Popov 
Society, Russia’s leading electrical en- 
gineering organization. As an im- 
mediate result, the Popov Society will 
not send a delegation to ELECTRO/80 
in Boston (May 13-15), and the IEEE 


has withdrawn its ten-member delega- 
tion to the Popov Society Congress in 
Moscow (May 27-29). IEEE’s Board of 
Directors cited the “current world con- 
dition” as the official reason for the 
suspensions. 

Other U.S. engineering societies are 
also pulling in their welcome mat. Back 
in January, as a protest against Soviet 
actions in Afghanistan, the American 
Society of Civil Engineers rejected a 
Soviet offer to exchange engineering 
delegations in 1980. The ASCE has also 
stopped sending its publications to the 
USSR. 

Also in February, the Association for 
Computing Machinery, the American 
Mathematical Society and the IKEE 
jointly condemned the arrest and ban- 
ishment of Russian physicist Andrei 
Sakharov. Their statement predicted, 
in part, that the arrest would “worsen 
the climate. of scientific cooperation 
across national boundaries....” 


Engineers strike 
for pay raise, benefits 


The strike—an essential bargaining 
tool for organized labor—is now being 
used by aerospace engineers at the 
Kennedy Space Center in pursuit of 
cost-of-living allowances, time-and-a- 
half pay for overtime, shift differen- 
tials for regularly scheduled night 
work, salary increases and other bene- 
fits. 

On February 18, controversy over 
these provisions led to a breakdown of 
contract negotiations between Boeing 
Services International (BSI) and its 
engineers, who are members of the 
Florida Association of Professional 
Employees (FAPE). According to un- 


ion organizer and spokesman Jim Van 


Artsdalen, every organized group em- 
ployed by BSI gets a cost-of-living 
allowance—except the engineers. 

At last report, 160 of FAPE’s 185 
members are still on strike and BSI has 
rejected binding arbitration. In an ef- 
fort to spur negotiations, a federal 
mediator is meeting with union repre- 
sentatives and management officials in 
Titusville, FL. The union has been 
without a contract since its formation 
in June 1979. 

Don Mennie 
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recruitment and classified ads 


PLACE YOUR AD AT ONLY $65 PER COLUMN INCH IN 


Electronic Design 


YOU REACH ENGINEERS WITH TITLES LIKE THESE: 


© Chief Engineer ©@ Development Engineer ® Design Engineer @ Project 
Engineer @ Electronic Engineer © Engineer-Supervisor ® Section Leader 
© Staff Engineer © Systems Engineer © Test Engineer © Standards 
Engineer © Master Engineer 


Total Qualified and Paid 112,000 
Electronic DeSiGN REcRUITMENT ADVERTISING RATES 


15% commission to recognized agencies supplying offset film nega- 
tives. 2% 10 days, net 30 days. Four column makeup. Column width 
1-3/4" x 10” 





DIMENSIONS 
SPACE Wide Deep COST 
*One column inch 1-3/4" x 1" S65. 
1/8 page (1/2 col.) 1-3/4’ x 5” $322. 
1/4 page (1 col.) 1-3/4" x 10” Vert. $644. 
3-1/2" x 5" Hor. 
1/2 page (2 cols.) 3-1/2'’ x 10" Vert. $1,287. 
og x 5” Hor. 
3/4 page (3 cols.) 5-1/4"’ x 10° $1,931. 
1 page 7 ae x 10” $2,574. 


REVISED RECRUITMENT & CLASSIFIED RATES 
1X 4X 7X 13X 19X 26X 39X 52x 


*PerColumn Inch $65 $63 $59 $54 $52 $50 $49 $48 


If you currently 
earn between 
$22,000 and $48,000 
we've got a better 
job for you...NOW! 


Every day you spend in the wrong job is a waste of time, 
money and talent... YOURS! Your talents and experience are 
in great demand and you can choose among many 
rewarding opportunities available in your field. But how? 
Talk to the experts at Wallach. We've been successfully 
recruiting professionals like yourself for over 15 years. 
Nationwide opportunities include technical/management 
consulting, project management, R&D, test and systems 
evaluation in the fields of Communications, Satellites, 
Weapons, Intelligence, Computer, Energy, and Aerospace 
systems. Specific skill areas include: 


e Minicomputers 

e Microprocessors 

e Software development 
e Signal processing 

e Digital systems 

e Command & Control 


Don't waste another day in 
the wrong job! Call Robert 
Beach collect at (301) 
762-1100 or send your 
resume in confidence. We 
can find you a better job. Let 
us prove it to you...NOW! 


WALLACH...Your career 
connection 


Equal Opportunity Employer Agcy. 


e Radar Systems 
e Communication Systems 
e EW/SIGINT/ELINT 
e Microwave Systems 
e Electromagnetics 

e Fire Control Systems 


WALLACH 


associates, Inc. 


1010 Rockville Pike 
Box 6016 

Rockville, Maryland 20852 
(301) 762-1100 
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LATE CLOSING DATES 


Electronic Design is mailed every two weeks. Because of its timeli- 
ness, personnel recruitment advertising closes only two weeks before 
each issue’s mailing date. 


issue Date Closing Date Mailing Date 
April 26 March 28 April 11 
May 10 April 11 April 25 
May 24 April 25 May 9 
June 7 May 9 May 23 
June 21 May 23 June 6 
July 5 June 6 June 20 


HOW TO PLACE YOUR AD 


CALL THE RECRUITMENT 
HOT LINE 201-843-0550 
TELECOPIER EXT. 212 





Camera-ready film (right reading negatives, emulsion side down) or 
Ccamera-ready mechanicals must be received by deadline. Or, if you 
wish us to set your ad (typesetting is free) simply pick up the phone 
and call our RECRUITMENT HOT LINE — (201) 843-0550. Ask 


for: 


Roberta Renard 
RECRUITMENT ADVERTISING MANAGER 


ELECTRONIC DESIGN 
50 Essex Street, Rochelle Park, New Jersey 07662 





THE COMPANY 


Recognized among the top three sources for optoelec- 
tronic products integrated from raw materials to finished 
products. Volume production through four facilities 


world wide. 
THE PRODUCT 


The broadest line of LED (light emitting diodes) avail- 
able from any source. Combines advanced IC design 
and display technology. Introduced the world’s first 
LED intelligent display in 1977. 


CAREERS THAT 
MEET THE CHALLENGE 
ENGINEERS 
SR. CMOS Circuit Design Engineer 
Sr. Product Development Engineer 


LED & Silicon Manufacturing Engineers 
Sr. Instrumentation Design Engineer 














Come join our congenial team where we enjoy: Liberal 
benefits, excellent starting salaries and growth potential 
limited only by your skill and imagination. Call (408) 
257-7910 to inquire about these employment oppor- 
tunities. Or send your resume to: Professional Recruiting, 
Litronix, 19000 Homestead Road, Cupertino, CA 95014. 
We are an equal opportunity employer m/f/h. 


litronix 


A subsidiary of Siemens Corporation 
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High 


has no limits 
with us. 


At COMSAT, we've made 
some of the most exciting 
and important technological 
advances in satellite commu- 
nications. And we're continu- 
ing to do so. One reason for 
this is that our environ- 
ment encourages creative 
thinking. Which, in turn, 
leads to technological break- 
throughs. We don’t put limits 
on our people. 

You benefit directly 
through a better opportunity 
for self-growth and profes- 
sional fulfillment. You ex- 
pand your horizons as you 
develop new skills and abili- 
ties. And youll be working 
with some of the most res- 
pected persons in their cho- 
sen fields. 
| We're the company that 

pioneered the INTELSAT glo- 
bal communications system, 
which today puts more than 
100 nations in touch. And 
today we're pioneering and 
exploring new areas to ad- 
vance our many high tech- 
nologies. 











We now have five divi- 
sions. (1) Corporate Head- 
quarters, which provides 
satellite services to the US. 
international communica- 
tions carriers serving the 
public. (2) COMSAT Labs, our 
R&D center for development 


sz 


ee 


of engineering and support 
services. (3) Monitor and 
Control Engineering Divi- 
sion, for the design, imple- 
mentation and field instal- 
lation of computer controlled 
satellite monitoring systems 
and special earth terminals. 
(4) COMSAT General, which 


provides satellite communi- 
cations services for the mari- 
time industry. (5) COMSAT 
General Telesystems, which 
is engaged in the design, 
manufacture and marketing 
of high technology telecom- 
munications systems and 
related equipment. 

Our rapid expansion 
has created numerous career 
openings in many diversified 
engineering disciplines: an- 
tenna, microwave, signal 
processing, radio frequency 
interference, and others; as 
well as technician-related 
areas and marketing. 

We offer excellent salar- 
ies and benefits. If you want 
to know more about us, 
simply write to us for our 
standard resume form, indi- 
cating your area of interest. 
We'll be in touch with you 
promptly. Write to Senior 
Employment Representative, 
Department 2-RC, COMSAT, 
950 L’Enfant Plaza, S.W., 
Washington, D.C. 20024. 





as? 
COMMUNICATIONS SATELLITE CORPORATION 
COMSAT GENERAL CORPORATION 


An Equal Opportunity M/F - An Affirmative Action Employer 
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“Sundstrane 





Brad Recker, Project Engineer - Electric Power 


“Sundstrand encourages creative thinking, and 
that's what you need to do your job here. As a 
project engineer in electrical systems, I've worked 
on control systems for the space shuttle orbiter’s 
auxiliary power unit, the F-16 engine start system, 
and several other projects. 


| like to work from the design right on through 
production. The test of the product is in the actual 
performance. When | was out at Edwards Air Force 
Base making sure that the engine start system on 


DUNDOT RAND 
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SUNDSTRAND 








® 


BSEE Purdue, 1977 


the F-16 worked right, | was happy to be 
representing the kind of advanced technology and 
creative thinking that Sundstrand is known for. — 


When a couple of engineering friends from school 
visited Rockford over the weekend, | took them on 
a tour of our plant. They were impressed with the 
facility and fascinated by the hardware. One of 
them said, with some envy, ‘This is what 
engineering is all about.’ ” 


CALL COLLECT: (815) 226-6266 


Gene Roy, Corporate Manager, Technical & Professional Recruiting 
4751 Harrison Avenue, Rockford, IL 61101 


The Opportunity Company 


An Equal Opportunity Employer 


ELECTRONIC DESIGN 8, April 12, 1980 


ENGINEERS AS MAJOR EXPANSION BEGINS in Digital 


Switching Operations, Northern Telecom is 
offering the best in career opportunities and 
quality living. Our product development and 
engineering capabilities, and the commitment of 
various teams of NORTHERN TELECOM PEOPLE 
throughout the world have resulted in our 
Excellence — and plans to triple in the NEXT 
FOUR YEARS. 


But high technology resulting in certain growth is 
not all we offer. Newcomers to the 
Raleigh/Research Triangle Park area of North 
Carolina find the relaxed and friendly atmosphere, 
mild climate, COST OF LIVING, medical and 
educational facilities, and natural recreational 
advantages to be most appealing! 


Consider NORTHERN TELECOM if you have 
related background for any of the following: 


¢ QUALITY ENGINEERING 

e CUSTOMER ENGINEERING 
e SOFTWARE ENGINEERING 
¢ HARDWARE ENGINEERING 
¢e MARKETING 

e TEST ENGINEERING 


Digital Telephone Switching Systems were e MATERIALS MANAGEMENT 
born at NORTHERN TELECOM. Producing 
state-of-the-art while developing systems Ready for the Challenges and 
for the years ahead has kept us in the Rewards? | 
forefront. An Equal Opportunity Employer M/F/H 






Let Us Know Of Your Interest. Tell Us About Yourself With This 
Instant Action Resume Coupon. Mail This Coupon in Confidence to: 
Richard Pagoria, Employee Relations 

NORTHERN TELECOM, INC. 

Digital Switching Operations 

1000 Wade Avenue, Raleigh, NC 27605 


NAME 
ADDRESS 
CITY 26 SAE. eee 
HOME TEL _____ ___ BUS. TEL 
PRESENT JOB TITLE 

POSITION DESIRED 
CURRENT EMPLOYER 
SALARY REQUIREMENT 








9° ° 
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NOT MANY COMPANIES 
WILL CHALLENGE YOU WITH THE 
FREEDOM TO INNOVATE 
THEIR TECHNOLOGY. 








DOES. 


Innovation. Rather than the exception, 
it’s the rule. The rule by which our 
accomplishments are measured. 

That’s one of the reasons Coulter has 

attained a position of world leadership 
in the field of biomedical electronics. 
_ That’s one of the reasons—if you’ve 
got the experience and the drive—we 
won't hesitate to challenge you with the 
freedom to innovate our technology. 

Give us your heavy EE hands-on 
experience in digital/analog circuit de- 
sign in a precision instrumentation 
environment...with a BSEE (MSEE 
preferred). 

We'll give you the stimulating as- 
signments, major projects, and 
decision-making responsibilities to 
garner all the satisfaction you’ve ever 
wanted...in Standards, Product 
Safety, Components, or Electrical 
Design. 

And we'll give you a competitive 
salary, generous benefits package, and 
Opportunity to enjoy an all-around 
Florida lifestyle. 




























Send resume in confidence to: Mr. 
Pete Chylko, Employment Manager, 
Dept. ED, P.O. Box 5-2794, Miami, 
Florida 33152. 














» 0, 0100 6 8 ® COULTER 
ELECTRONICS, INC. 













INNOVATING A VITAL TECHNOLOGY. 
An Equal Opportunity Employer M/F 
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COULTER 





ENGINEERS! 


Advance your 
career and lifestyle 
on Florida’s Suncoast. 





- SPERRY 
MICROWAVE ELECTRONICS 


ANTENNAS AND RF COMPONENTS 


Millimeter wave guidance equipment, antennas 
and related RF subsystems, seeker development 
systems, analysis and control. 


SYSTEM REQUIREMENTS DEFINITION 


Software development, specification develop- 
ment, military ADP systems including adminis- 
tration, logistics, ship repair systems, C? and 
weapon range systems. 


SOFTWARE SYSTEMS/ENGINEERING 


Real-time software, signal processing, simulator 
development, microprocessor development, 
systems analysis of ship command and control. 


RADAR SYSTEMS DEVELOPMENT 
Equipment engineering, design, mechanical 
packaging, math modeling and decision theory, 
fire control weapon system integration, EW 
systems and reliability. 


TECHNICAL SUPPORT 


Familiarity with government contracts and pro- 
cedures which include engineering planning and 
financial control, components/standards 
engineering, design, marketing and contract 
administration. 


Sperry Microwave Electronics is engaged in the 
engineering, research, development and pro- 
duction of sophisticated electronic systems and 
equipment. A dynamic force in the development 
of new technologies, Sperry is one of Florida’s 
fastest growing electronics corporations. Please 
send your resume, including salary history, to 
Edward Vendley, Sperry Microwave Electronics, 
P.O. Box 4648, Clearwater, FL 33518. 


4 SPERRY 


Career opportunities also exist at: 


SPERRY DIVISION NORTHERN VIRGINIA OPERATIONS 
Great Neck, NY 11020 5400 Cherokee Ave. 
ATTN: P.W. SMITH Alexandria, VA 22313 

ATTN: D. Gay 


An equal opportunity employer M/F 
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COMMAND/CONTROL/COMMUNICATIONS 





Be Here At The 


Beginning. 


Here’s your opportunity to be in the right place, at the 
right time, at the very beginning...in an environment 
charged with excitement. The time to start is now. The 
place is Sylvania Systems Group. We are embarking 
on the new MX C? program...one of the largest C* 
Command, Control and Communications systems ever 
to be developed. And it’s where your talent can grow 
in the state-of-the-art. 


Genuine ground-floor opportunities are few and far 
between. To get in on the ground-floor of GTE’s MX C* 
program could put you in the best position of your 
career. In fact, the scope of such a program, and what 
you stand to gain from it, could mean the most signifi- 
cant opportunity for professional achievement ever 
available to you. 


Not only does the MX C® program offer true ground- 
floor opportunity, but a multi-discipline program that 
presents a rotation of high-level assignments...intense 
involvement in a long-term effort that encompasses un- 
paralleled growth potential. 


Positions are open at all levels for systems, software, 
hardware and mechanical engineering professionals 
with the interest and ability to contribute to the major 
disciplines of this program: 








RADIO COMMUNICATIONS SYSTEMS 


The application of over 600 highly sophisticated radios 
in this system offers key involvement across a broad 
spectrum of activity. Our needs require the design and 
implementation of receivers, transmitters and harden- 
ed, survivable antennas--to total systems design. In all 
bands, VLF/LF to SHF, in anti-jam techniques and 
burst-resistant frequency hopping, the maximum 
capabilities to state-of-the-art standards will be 
attained. 


Positions are also available for Fiber Optics 
Engineers, Computer Systems, Software and 
Hardware Engineeers at most levels of contribu- 
tion. 


Whether you are a seasoned professional or a recent 
graduate, come with us and develop new skills in 
creating the new technology. 


Send your resume and salary history to: 


Paul I. Costello 

Sylvania Systems Group, 
Strategic Systems Division, 

189 “B” Street, Needham, MA 02194 


THE FAST TRACK OF THE 80'S. 


pis 


Systems 


An equal opportunity employer M/F 
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the answer is clear. pave a 





Clear Lake, that is. If you'd rather be sailing, 
fishing, boating, or skiing, then you should be work- 
ing tor Ford Aerospace and Communications Cor- 
poration. We're located in the Clear Lake area, 
situated by Galveston Bay, just 25 miles from the 
Gulf of Mexico, known for excellent deep sea 
tishing. Around the lake are numerous marinas and 
yacht basins that distinguish the area as the boating 
mecca of the Gulf Coast. And we're a comfortable 
distance trom the big city—just 30 minutes from 
downtown Houston. Our career opportunities are 
equally attractive. As a leader in custom data pro- 
cessing systems for large-scale ground-based com- 
munications, command and control applications, we 
have immediate openings for experienced DIGITAL 
DESIGN, ANALOG DESIGN, MINICOMPUTER 
SYSTEMS ENGINEERS and ELECTRONIC TECH- 
NICIANS for long-term assignments in our Space 
Shuttle support programs. We can offer highly com- 
petitive salaries and an outstanding benefits 
package, as well as excellent opportunities for ad- 
vancement. What's more, Texas doesn’t have a state 
income tax. So if you're looking for a career oppor- 
tunity that won't interfere with your fishing, or if you 
want to get away from the big city for more than 
just a weekend, the answer is clear...Ford 
Aerospace & Communications Corporation. For 
more information CALL COLLECT or send a 
resume to Mr. John Brown or Mr. Gary Hunt, 

Space Information Systems Operation, Dept. AJJ, 
P.O. Box 58487, Houston, Texas 77058, (713) 
488-2783. 


Ford Aerospace & 
Communications Corporation 


We are an equal opportunity employer, m/f. 
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ripe? 


We'll help you put pressure 
on any company that makes 
promises in its ads ... then 
fails to deliver. 

Electronic Design refuses to 
run advertisements deemed 
to be misleading or fraudulent. 

ACCURACY is everybody’s 
business. So if you have a 
gripe about a misstatement or 
inaccuracy in either editorial 
Or advertising material in 
Electronic Design ... tell us 
about it. We'll do everything 
we can to find out what hap- 
pened and see that it’s correct- 
ed. Notify ... 


Lucinda Mattera 
Editor 


Electronic Design 


50 Essex Street 
Rochelle Park, New Jersey 07662 
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Join tne leader... 
Magnavox, the people 
who are revolutionizing 
the navigation and 
communication systems 
of the worid! 


Fay Magnavox Advanced Products and Systems Company 
is playing a key role in the most revolutionary advances in the 
history of navigation and communications systems. 










































This represents an enormous advance for both military and 
commercial positioning world wide. It is made possible by 
the successful merging of satellite based navigation and 
communication technologies; fields in which Magnavox 
exercises undisputed leadership! 


These technologies are derived from the three product 
directorates at Magnavox Advanced Products and Systems 
Company. 


Communications Systems and Products: 








Opportunities 
Magnavox Advanced Products and Systems Company is designing, developing and manufacturing, i exist for: 
marketing and supporting some of the most sophisticated communications systems ever conceived. 


LSI Engin 
Magnavox’s communications systems apply advanced digital communications techniques NY oo 
including pseudo noise and spread spectrum anti-jam modulation to communications ‘ ‘ a Zelale| Engineers 
systems: both tactical and strategic. The most recent developments in this area have been 


the AN/GXG-7A, the AN/USC-28 and the OM-55. | : Digital Engineers 
; . Program Managers 
Marine Systems and Products: ve Program Engineers 


: Software Engineers 
This commercial area encompasses the development production, sale and 5 
support of marine electronic products and systems to commercial and ; ; Firmware Designers 
government interests. Our continuing research and development ANA . : 
programs are producing the most sophisticated navigation and : RF Design Engineers 
communication systems in the world. ae lai fevos(cejal foam (-velalal eats lats 








Because of our commercial and industrial orientation, : 
development is not controlled by large government Power Supply Engineers 
contracts. Our engineers and programmers work : a Analog Circuit Designers 


in small cohesive units which have team Co ee . 
responsibility for new product design alaalelaller<] (Cela ale lars 1k) 


through successful production. i - System Test and Integration 
ie lervouesle lave mm By-<s[e lal sale | [aro -1k 





Global Positioning 





Systems and Products: a8 | = a meviganon Systems Analysts 
: 3 ok Mechanical Systems Designers 
When the complete GPS system is fully = 3 Senior Systems Test Engineers 


operational, 24 NAVSTAR satellites will 
continuously circle the earth, 
transmitting time and three dimensional 


Communication Systems Analysts 


position data to the entire globe. If you are interested in learning more about the unique 
advantages of working in Magnavox Advanced Products 
Magnavox Advanced Products and Systems ee and Systems Company, write for our free Capabilities 


Company is designing and building a variety of ae brochure or for an immediate response send your resume to: 
user equipments for navigational use by aircraft, 


ships, land vehicles and spacecraft. These new Bi OMNS Oe Coctasaional Sacement 


j j j j ilj Dept. ED-412 
designs will be the first generation of a military : Soa Waeeohe Siest 
and commercial product line that will revolutionize Torraned. CA 90502 
position location into the next century. RA 
ee ee Ce ‘alLohvyZopy < 
Your Future at Magnavox: ie 
ERAGE ELT 
If you are seeking a future where there is diversity Advanced Products and Systems Company 


of technological challenges, complete involvement 
with projects from concept through 
production, a strong management team, 


ee 
Join the Leader... 
il d 4 
Srironment conduchve 19 your protessional Challenge Now And For The 
growth; this is your 
Future! 


opportunity to join a very 

successful electronics team 

Join the Leader... We are an equal opportunity employer. 
MAGNAVOX!  Pelaslta Pm ilatelan istome-lale Mun Flare |ler-]¢) el-ce Mi Larelhaceltr-l-m- lem alee] ti¢-lel leis (olr-] 6) 0) h\B 
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Challenging Work . . . Easy Living... NEW ORLEANS 


‘@foyalsire l=) au dal-mce)|(enys"dl are pan Ot lessi-rl am Ove)anlaaleidiale muam M-1-] ama cell [arom Olen ololo)alat-1e1g-t-hale)a 


Litton 


NEW ORLEANS 


An Equal 
OJ eyelelaaeialia’, 
Employer 
M/F/H 
e 
A Leader in 
Affirmative 
p-Noa die) a 
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YOU REACH 
ENGINEERS WITH 
TITLES LIKE THESE: 


e Chief Engineer 

e Development Engineer 
e Design Engineer 

e Project Engineer 

e Electronic Engineer 
e Engineer-Supervisor 
e Section Leader 

e Staff Engineer 

e Systems Engineer 

e Test Engineer 

e Standards Engineer 


e Master Engineer with 
Electronic Design 


DIGITAL COMMUNICATIONS 


System assignments in design and specification of 
voice and data systems involving multiplexers, 
AVVap aed aliave me: [ale mmag-[alcjaallcs-y(e)am-to[0]]e)aal-1al eum => 4e\-10c 
Yalor-mv\VAiaamace) aia s1ale ne) celer-t-1-) [ale n-]ale mele) aler-ialag-1 40) 4-7 
as well as traffic and throughput analysis, 
desirable. Familiarity with military and interna- 
d(o)ar-|maci(-xere)palaalelalier-halelam-3e-laler-|qelsma-ie [0 l|as1em 


ANALOG DESIGN 


DY -¥-J[e]am=».40]-1 41-101 e1--) ale)6) (emia lel |Ule(-m-)at-l (ele m=) arom lele| [or 
fo(=¥-}[e | alm o)amro1e) aavaal0jal(er-hale)al-pmmelicje)t-hVAcwmmr-] ale mma lore] 4 
circuits such as feedback, amplifiers, active 
filters, Ato D converters and interfaces. Should be 
able to perform circuit design using discrete and in- 
tegrated linear circuits. 


LOGIC/FIRMWARE DESIGN 


Positions open for various levels of experienced 
engineers interested in developing sophisticated 
J ol Yor F-] im o]0 1g oles-y-m 0] geler-t-t-) [ale mm ar-1aeha- [ac Melel|P4lale maals 
latest micro-processor techniques. 


Gourmet Restaurants ® Low Cost of Living ® Excellent Universities 
Litton Data Systems Has Openings for Engineers in: 


COMMUNICATIONS 
HARDWARE DESIGN 


Analog, logic and firmware designers for 
eEstdle|alaalsanecmi amelie] ies] mexelaaloale aller: halelarcu-xe | /elaatciant 
design using the latest circuit technologies. 
No) 0) |er-hace) arom ialerl le (=m aal(ogel eo) qeler=t-1-10) a of-foi-1e men] cele |i 
and message switches, data modems, high speed 
fiber optic data busses, intercom systems and 
‘oxe}aalgaleialror-nale)al-mexe)aiage)i(-1¢-e 


MECHANICAL 


a oyne(-t11¢] amu ey-[ei,¢-1e |] ale pm ce) am) (-160 aa ier-] x =10 101) o)anT-1 086 
pallet design; shock, stress and vibration analysis. 
AN IYomesy ag [en a0] ¢-| mi pavete|palor-hdlelar 


RELIABILITY 


Provides C-3 system design support, specification 
prep. review, tech. liaison, test and delivery in- 
cluding FMEA‘s/MIL-STD 785, MTBF’s per MIL- 
HDBK 217 and MIL-STD 781 reliability demo’s. 


mi] | a=) (olor; hale) amaalale(-m ef-1el,.¢-[e[- 


Oy AN Es ©} ©) Et = Oa a 5 eo) ob = h'a(0) gute] Oley ael- cr ao lle, 


or send resume, in confidence, to R. Taylor, Litton Data Systems 
4200 Michoud Blvd., New Orleans, LA 70129 










Electronic Design's 
new recruitment 
newspaper 

has the 
career-minded 
engineers 

you re looking _ 


for 


















Career Extra’s May issue 
is closing April 22 
and mailing May 2. 
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It’s hard work leading an industry. 
It’s challenging. 
It’s state-of-the-art. 


It’s what we do at Harris Semiconductor. 


No luck about it. 
Harris Semiconductor supplies both 


industrial and governmental markets with 
a wide range of standard and custom IC’s. 


We design, develop, and manufacture 
linear, data acquisition, digital logic, 
microprocessor and memory integrated 
circuits. / 

We have the industry’s most advanced 
CMOS production facility. 

And the obvious advantage of 
combining design, development, 
production, and management under one 
roof. 

Our enviable record of growth has 
created the need for innovative, talented 
semiconductor professionals to join our 
group of exceptionally talented people. 





uD 


The leading edge in technology — The last word in IC’s. 


LC. GAME. 
IT’S ZERO PERCENT LUCK. 


0 Digital Circuit Designers 0 Analog 
Circuit Designers 0 Process Engineers 
O Product Marketing Engineers 0 Software 
Engineers 0 Applications Engineers 
O Advanced Products Logic Planning 
Engineers 0 Mask Designers U Test 
Engineers (Fairchild/Sentry Equipment) 

XO) Production Supervisors 0 Production 
Control Supervisors. 

Add it all up. 

A professional environment that 
encourages and rewards contribution. 

A lifestyle on Florida’s Atlantic Coast. 

A commitment to technology that’s 100 % 
state-of-the-art. 

When you think of your future, think of 
Harris Semiconductor. 

Send resume with salary history to: Ken 
Judson, Professional Staffing Supervisor, 
Harris Semiconductor, P.O. Box 883, Dept. 
199, Melbourne, Florida 32901. Or call 
collect (305) 724-7782. 


HARRIS 


SEMICONDUCTOR GROUP 


An Equal Opportunity Employer M/F 
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MANAGER 
PRODUCT DESIGN 









We are an established leader in the design and 
development of telecommunication equipment and 
systems, located in a beautiful western suburb of 
Chicago. 


This highly visible position is responsible for our 
voice frequency transmission and product engi- 
neering organizations that total 25 professionals. 


The ideal candidate will have a B.S. E.E. and a 
minimum of four years hardware design experience 
plus two years supervisory experience in at least 
three of the following categories; amplifiers, 
repeaters, echo supressors, term sets, data 
transmission equipment, subscriber carrier and 
alerting systems. An M.S. E.E. that includes course 
work in communication theory and microprocessors 
would be highly desirable. 


We offer an excellent starting salary and benefit 
package. 


Call Dennis Kebrdle, 312-985-9000 ext. 2349, or 
submit your resume in strictest confidence. 


WESCOM 


8245 S. Lemont Rd. 
Downers Grove, Illinois 60515 





AN EQUAL OPPORTUNITY EMPLOYER M/F/V/H 






Electronic 
Design 


BRINGS YOU 
THE HIGHEST 
NUMBER OF 
QUALIFIED EOEM 
ENGINEERS AND 
ENGINEERING 
MANAGERS 
ANYWHERE 
{UAE AE 
LOWEST COST 
ANYWHERE! 


A oc cur 





Engineers ... Engineers ... Engineers 
Gathered in one place ... 


To fill a big job, use a big medium 
Recruiting ... in the pages of Electronic Design, the best-read electronics pub- 
lication in the world. 


. NOt scattered about among costly and unwieldy newspaper 
audiences 
.. Dut concentrated selectively for easy reach 
. IN the proper frame of mind 


5O Essex Street, Rochelle Park, New Jersey 07662 


Telephone: (201) 843-O550 


TWX 710-990-5071 
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Electronic Design's 
new 

recruitment 
newspaper 

is reaching 
130,000 
engineers 
professionally 
and 
personally 
on the move 












Career Extra’s May issue 
is closing April 22 
and mailing May 2. 






Call Roberta Renard 
at (201) 843-0550 
Telecopier: (201) 843-0550 
Extension 212 
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Have questions about 

Allen-Bradley’s 

opportunity for 
Engineers? 


We have answers... 
Just call toll free 


1-800-321-6980 


(In Ohio Call 1-800-362-6120) 























Talk to Tom O’Brien about your skills and 
background. Our continuing growth creates openings 
for many engineering disciplines including... 


Software Engineers Capitalize on your Comp. 
Sci. or related degree and apply your software ex- 
perience —assembly languages, PASCAL, FOR- 
TRAN. Utilize our VAX11/780, DEC11/34 or 
TEKTRONIX Development Systems to support 
your designs. 


Hardware/Firmware Design Engi- . is 
neers Design NC and PC systems employing 
advanced digital techniques. Degree and 2 + 
years experience desired. Your involvement 
would include design verification using 
VAX11/780, DEC11/34 or TEKTRONIX 
Development Systems. 


Application Engineers 
Define customer control system 
requirements, prepare propo- 
Sals and assist new product 
planning. 


Product/Marketing 
Engineers Research and identify product 
opportunities based on industry requirements utilizing 
your degree and 2+ years of electronics or industrial 
experience. 


We are a dynamic part of an international corporation 
employing over 17,000 people. Our products apply “leading 
edge’ computer and microprocessor technology that in- 
creases productivity for all types of industry. 


Our careers are challenging and rewarding... 
Let’s Talk About it —Call Today! 


or if you prefer, send your resume to: 


av?)) ATL.LEN-BRADLEY 
NOY’ 747 Alpha Drive, Highland Heights, Ohio 44143 


An Equal Opportunity Employer M/F 
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Electronic Design's new recruitment newspaper 
_ is reaching 130,000 engineers 
professionally and personally on the move 


Electronic Design is where the electronic OEM’s actively building their personal and profes- 
largest engineering community 1 the move. If sional growth. 

you're looking to connect _. Career Extra and Your Recruitment 
with that special breed _ Camusicne 

of engineer—today’s _ pals 
professional with 
well-designed 
career plans— 
then your recruit- 
ment advertising 
belongs in Elec- 
tronic Design’s 
Career Extra. 


Largest Qualified 
Engineering Reach 













Your recruitment advertising will benefit from 
Career Extra’s coast-to-coast coverage—highlighted 
in a newspaper format, filled with timely career 
oriented articles & interviews by leading authorities 
in the personnel field.’ 

And with its bonus distribution Career Extra is 
reaching two of the electronics industry’s major 
shows, Electro & NCC, ... that’s 130,000 total 
readership including domestic circulation. 

Your recruitment advertising in Electronic 
Design’s Career Extra translates into a steady flow 





Your ads in Electronic Design’s Career Extra recruit of engineers .. . helping insure that your recruitment 
from the largest qualified engineering audience... strategies connect with success. 
Engineers covering the hottest growth and emerging Career Extra’s May issue is closing April 22 and 
technology markets. mailing May 2. 
Quality Readership and Exposure 
Our Engineers are interested in more than just news. Call Roberta Renard at (201) 843-0550 
That’s why they read Electronic Design. They are Telecopier: (201) 843-0550 Extension 212 
COO eee 2 OOOC ee? cco ————_00o 













High on the list 
of an engineer’s required reading ts 
Electronic Design. It is the premier magazine of 
the electronics field because it is... 
First in market coverage — more circulation 
in the Electronic Original Equipment Market. 
First in market penetration — more design and 
development engineers and managers than 
any other electronics magazine. 

First in readership — better-read in advertiser- 
initiated readership studies (163 firsts out of 189 
over the past 19 years). 

First in advertiser acceptance — more pages of advertising 
than any other electronics publication. 
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Big ads 
equal 
big savings 


The regular 
or ROP rate 
for 
Electronic Design’s 
full page 
black and white unit 
is 23% greater 
than the 


special rate for 
recruitment advertising. 
By using a full page, 
advertisers get 
important positioning, 
frequent domination 
of the spread— 
and significant 
cash savings. 
Small-space classified. 
display ads 
are a bargain, too, 
but nothing 
can match 
full pages for 
full impact. 
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© 
Engineers: \ 


Ford Aerospace has exciting 
opportunities for you NOW 
on the beautiful 
San Francisco Peninsula. 


Yes, Ford Aerospace & Communications Corporation in 
Palo Alto, California continues to offer exciting, 
challenging and rewarding opportunities for skilled 
professionals eager to advance their careers. In- 
vestigate these openings now, and make your move to 
where California living is at its best — 


Neer 


Microwave Engineers 
¢Communications Transponder 
Design & Test 


5-plus years’ experience. 


¢Communications Systems — 


Satellite or Earth Stations. 
3-plus years’ experience. 


RF Circuit Design. 
Prototype Hardware 


Microwave Filters. 
2-plus years’ experience. 


eDesign & Analysis of 


Passive Devices. Ferrites. 
6-plus years’ experience. 


°TWTA Design, 
Manufacture & Test. 


6-plus years’ experience. 


Satellite Power Systems 
Requires 8-plus years’ experience in circuit 
design and analysis including ECAP total, 
with 3 years’ direct experience in high 
efficiency switching regulated power 
supplies — both high and low voltage. 
Complete power systems work. 


We offer an excellent benefits package and com- 
petitive salaries. For immediate consideration, please 
send your resume to Professional Employment, Dept. 
PH-85, 3939 Fabian Way, Palo Alto, CA 94303 — or 
call (415) 494-7400, Ext. 4121. An equal opportunity 
employer, m/f. 


= ED Ford Aerospace & 
x Communications Corporation 
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FLEXIBLE HORIZONTAL JUMPERS—Space 
saving one-piece circuits simplify PCB design, 
reducing need for expensive multi-layer 
circuits. Also useful as hinge to join two 
boards. Rigid integral pins plug directly into 
board holes or connector sockets. Many 
standard widths, lengths and conductor cen- 
ters to meet design needs at minimum cost. 
Custom configurations also available, includ- 
ing integral pads for solder termination. BMC 
Box 888, Nashua, NH 03061 (603) 883-5541 


ONE-PIECE CIRCUITS 211 





MINI-ENCAPSULATED TRANSFORMER/IN- 
DUCTOR SERIES MET/MEI series are volume 
produced to be cost effective and directly 
interchangeable with ADC, Bourns, Stancor, 
Torotel and Triad/Utrad. They meet MIL-T-27 
requirements. Covering the 3.200K ohms im- 
pedance spectrum, these low distortion units 
are ideal where resistance to severe environ- 
ments and smallness are called for. For partic- 
ulars on parameters, prices and delivery con- 
tact. Pan-Magnetics Int., Inc., 137 Eucalyptus 
Dr., El Segundo, CA. 213-322-1075. 
MET/MEI SERIES 
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FREE NEW CATALOG contains high quality 
power supplies from Reacor, Inc., major man- 
ufacturer of standard and custom power sup- 
plies for all applications, single and multiple 
output for microprocessors, disc drives, dis- 
play systems. Reacor offers unlimited variety 
of custom units ranging from 400Hz airborne 
to 3,000 amp systems for computers. UL, CSA, 
VDE and MIL approval. Reacor, Inc., 831 W. 
Miller Road, Garland, TX 75228. (214) 
271-7536 


POWER SUPPLIES 213 





CUSTOM VIDEO TERMINALS. Our video termi- 
nal may be the solution to your custom video 


display requirement. They are available 
housed, in ASR, KSR, or RO form, or in 
configurations suitable for use in your sys- 
tem. Special data formats and protocols are 
possible. We also have standard. hardware to 
provide custom solutions for your non-display 
communications needs. Call today. 
ENTERPRISE SYSTEMS CORP., Box 643, 
Dover, NH 03820. Phone 603-742-7363. 


CUSTOM VIDEO DISPLAY TERMINAL 914 





FINE CASES AND ENCLOSURES IN STOCK 
AND CUSTOM-BUILT Formica® laminated 
construction for strength and durability. 
Stock line comprises more than 800 SIZES 
ranging up to 12%" xX 19” X 16". 


' We custom-build, in any quantity, to meet 


exact requirements. 
W. A. Miller Co., Inc., 307 Mingo Loop, 
Oquossoc, Maine 04964. (207) 864-3344 


CASES AND ENCLOSURES a15 


400 HZ INPUT SCOTT T—Synchro 3 wire 
input, L-L; Sine & Cos output; Part #10472 is 
11.8 to 6v, 3/4 X 1 1/2 X 3/8, #13530 is 11.8 
to lv, 5/8 X 1 1/4 X .3; #50460 is 90 to 6v, 
7/8 X 1 5/8 X 11/16; #13241 is 11.8 to dv, 
85 X .85 X 7/16; #52975 is 11.8 to lv, 1/2 
X 7/8 X 7/16 hi—Magnetico Inc., 182 Morris 
Ave., Holtsville, N.Y. 11742—516-654-1166. 
Call us for our complete line of Scott T’s. 
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Precise 1/10 decade frequency selection. Ev- 
ery time. With Ithaco 24dB/Octave Dual Filter. 
For general lab use, acoustic studies, multi- 
channel data acquisition, wherever precision 
and repeatability are critical. Frequency 10 to 
1MHz, low and high pass operation, But- 
terworth and Bessel modes. AC/DC input 
coupling, selectable X1 and X10 gain, under 
25 microvolts noise. Less than 0.005% distor- 
tion, over 100DB attenuation. ITHACO, Inc., 
735 W. Clinton Street, Ithaca, NY 14850. Call 
(607) 272-7640. 


DUAL FILTER (409G) ol 217 





FREE DESIGNER’S GUIDE AND MUSHIELD 
CATALOG presents standard and custom 
magnetic shields for storage, photomultiplier, 
and cathode ray tubes, ESCA, auger spec- 
trometers, and special applications. Magnetic 
shielding materials available in sheets and 
coils, and preserver cases for magnetic tape, 
are listed. A ‘‘must have”’ reference for the 
design engineer. MuShield Corp., 151 Madison 
St., Malden, MA 02148. (617) 321-4410. 


MAGNETIC SHIELDS 218 
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RF TRANSFER SWITCH. For use in RF com- 
munications equipment and systems. Model 
TSW2800 is a non-latching type with BNC 
standard connectors. Specs - frequency, 
DC-500MHz; impedance, 50 ohms; isolation, 
port-to-port 40db typ. min; coil voltage, 
24/28v; 1-1/2"W x 2”L x 1.12H"”. COMPAC RF 
transfer switches also available in SPDT, 
4PDT, and latching models with other coil 
voltages, connectors and extended flanges. 
Delivery; 2 wks. From $49.95 for 25-99 units, 
$59.95 for 1-9 units. COMPAC, 279 Skidmore 
Rd., Deer Park, N.Y. 11729 - 516-667-3933. 


RF TRANSFER SWITCH 220 








NO-DRIFT NORTH SEEKER MODEL NS13- 
0101-1 for automatic navigation systems. 
Provides 360° azimuth through 45° pitch and 
roll. Uses standard flux gate coil suspended 
on universal pivot. Continuously registers ref- 
erence to magnetic North within 2°. Synchro 
or pot output. Internal DC inverter. Requires 
24 to 30V DC. Uses 0.130 amps. Weighs 1.6 
pounds. Can eliminate need for more ex- 
pensive gyros. Humphrey, Inc., 9212 Balboa 
Ave., San Diego, CA 92123. Phone (714) 
565-6631. 
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PTS CLEAN-ROOM TRAP DUST MAT protects 
from traffic born contamination. Pulls dust, 
dirt, even bacteria from shoes, trolley wheels. 
Used without fixtures at entrances to con- 
tamination sensitive areas. Fully washable 
and re-usable. Genuine Swiss made. Un- 
equaled for durability, wear resistance. SAT 
(Spirig) Inc., 357 Cottage St, Springfield, MA 
01104 (418) 788-6191 TWX-710-350-6466 
Spirig P.O. Box 160 CH 8640 Rapperswil, 
Switzerland (055) 274403 Telex 875400 
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THE 8086 PRIMER: An Introduction to its 
Architecture, System Design, and Program- 
ming, S. Morse. Written by the man respon- 
sible for the architectural definition of the 
8086 processor. Describes the 8086 chip in 
depth, the motivation for the design of the 
chip, corrected procedures, and _ internal 
architecture. #5165-4, 224 pages, $8.95. CIR- 
CLE THE INFO RETRIEVAL NUMBER TO OR- 
DER 15-day exam copy. When billed, remit or 
return book with no obligation. Hayden Book 
Co., 50 Essex St., Rochelle Park, NJ 07662. 


#8086 PRIMER 221 


6800 DEVELOPMENT PAC Il. Consisting of 
6800 CPU, 48K Ram, Erom Programmer, 
RS-232 interface with switch selectable rates 
to 9600 baud, cassett interface for 300/2400 
baud, ‘*FANTOM-I| monitor/debug ROM, 
editor/assembler, 4K BASIC, card rack, 7 
socket back plane, large power supply. All for 
$1,895. Wintek Corp., 1801 South Street, Lafa- 
yette, IN. 47904; 317-742-8428 


6800 DEVELOPMENT PAC II 224 


NEW SWITCHING POWER SUPPLY CATALOGS 
introduce the single and multiple output 
switching power supplies that break the 
switcher price barrier wide open! Top quality 
open-frame switching supplies with excep- 
tional efficiency and compactness ...yet they 
are competitive in price with many open 
frame linear supplies. MTBF well over 50,000 
hrs. Two-year Warranty. Meet UL and CSA 
Standards. Power/Mate Corp., 514 South River 
St., Hackensack, NJ 07601 (201) 440-3100. 


POWER SUPPLY CATALOGS 227 





22XL OPTICAL MULTIMETER FOR ALL FIBER 
OPTICS MEASUREMENTS Absolute meas- 
urement of Light Sources, Photoreceivers, 
Fiber Cable Transmission, Connector and 
Splice Loss. Autoranging over nine decades 
(90dB), sensitivity to one picowatt (—90dBm), 
absolute readout in decibel milliwatts or deci- 
bel microwatts, selectable resolution of .1 or 
.01 dB, DC and unlimited AC response, inter- 
changeable, self calibrated plug in sensor 
heads, built in 900nm IRsource. PHOTODYNE 
INC., 5356 Westlake Village, CA 91361, (213) 
889-8770, 889-8817 


OPTICAL MULTIMETER 222 
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S-100 A/D CONVERTER, 12 BIT The Model 
AD-100 is a high quality, fast, 12 bit, 16 
channel system. Available with program- 
mable gain instrumentation amplifier and 
sample/hold. Operational Modes: Status Test, 
CPU Suspension, and 8080/Z80 interrupts. 
Basic board $575.00 plus options. Delivery - 
stock to 60 days. California Data Corp. 3475 
Old Conejo Road, Suite C-10, Newbury Park, 
CA 91320 (805) 498-3651 


CONVERTERS 225 


700V, 1A NPN TRANSISTORS, the SPT 5502, 
have linear gain characteristics from 50mA 
to 1A, maximum delay times of 100 nsec and 
rise time fo 700 nsec. Gain-gand-width 
product is 1OMHz. Veg is 10V, Ic is 1A and lg 
is O.5A. Vce(sat) is 1V and Vee(saty is 1.2V. Pack- 
aged in TO5s, operating temperature is —55°C 
to +200°C. Price: $12.50 each in 100 quan- 
tities. Delivery: stock. Solid State Devices, Inc., 
14830 Valley View Avenue, La Mirada, CA 
90638; (213) 921-9660; TXW 910-583-4907. 
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MODEL 280 VIDEO TRANSCEIVER. Model 280 
Transceiver allows video teleconferencing 
over normal, dial-up telephone lines, and 
combines three functions: freezes a single 
frame of video; converts the picture for trans- 
mission over audio channels; receives and 
reconverts these signals to conventional TV 
standards. Sends 256 X 256 picture elements 
in 35 seconds; 256 X 512 in 74 seconds. Full 
specifications on request. Colorado Video, 
Box 928, Boulder CO 80306 USA; phone 
303/444-3972. 


VIDEO TRANSCEIVER 229 





BT-2, a MAN-MACHINE interactive com- 
munication processor, provides VOICE output 
and TOUCH TONE (DTMF) input. It can be 
configured as a STAND-ALONE or FRONT-END 
to a host cpu. Based on DEC’s LSI-11 process- 
or the BT-2 comes with several telephone and 
computer interface options and software 
packages. PERCEPTION TECHNOLOGY COR- 
PORATION, 95 Cross Street, Winchester, Mas- 
sachusetts 01890, tel. (617)729-0110. 


INTELLIGENT VOICE RESPONSE 231 


Scarce 





RUBIDIUM OSCILLATORS Series FRK are ultra 
Stable, reliable, light (2.9 Ib) small (4x4x4.5”") 
and ideal for navigation/position location and 
communication systems. The unit provides 
10 MHz; 5 and 1 MHz optional. Long-term 
Stability 1x10-!!/month, short term 
1x10-!2/100 sec. avg times and extremely low 
noise. Available commercial and MIL (radi- 
ation hardened) EFRATOM CALIFORNIA, INC., 
18851 Bardeen Ave., Irvine, CA 92715. (714) 
752-2891 


OSCILLATORS 232 


PPW SERIES FIREPROOF WIREWOUNDS from 
TRW are designed for pulse-loading and surge- 
discharge applications. Available in six power 
ratings from 2 to 15 watts. User can specify 
any resistance from 1 to 1600 ohms for 2-, 
3- and 5-watt sizes, 1 to 2500 ohms for 7-watt 
size, 1 to 5000 ohms for 10- and 15-watt sizes. 
Standard tolerances are +1%, +2% and 
+3%. Resistors made of alloy wire wound on 
ceramic core. TRW/IRC Resistors, an opera- 
tion of TRW Electronic Components, 401 N. 
Broad St., Phila., PA. 19108. (215) 922-8900. 
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TINY LOW-COST 16 BIT A/D Space-saving A/D: 
+0.003% linearity, 6 user-selectable input 
ranges, 100 wSec conversion time, internal 
clock, optional offset & gain adjustments, in 
32 pin DIP, 1/4 the size of comparable mod- 
ules. Uses less than 1.8 watts. Ideal for high 
resolution data acquisition systems, precision 
instrumentation, biomedical and other high 
accuracy applications. MN5280: $169./100’s. 
Delivery: 4 weeks. Micro Networks Company, 
324 Clark St., Worcester, MA 01606. Tel: (617) 
852-5400. 


TINY LOW-COST 16 BIT A/D 234 





New “Big Boot” protects capacitors to 2-1/8”. 
Syntex now offers immediate delivery on pro- 
duction quantities of large-sized boots spe- 
cially designed for today’s larger capacitors. 
Also from Syntex: regular-sized capacitor 
boots, standard and custom-designed molded 
rubber and stamped parts. Fast service: one- 
day cost estimates; prototypes in three days. 
Call Ed Kirik, Jr. for details; (203) 367-8469. 
Syntex Rubber Corporation, P. O. Box 4006 
(S-92), Bridgeport, CT 06607. 


LARGE SIZE BOOTS 235 
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COAT YOUR OWN PRINTED CIRCUIT AS- 
SEMBLIES. Put your own conformal coating 
of acrylic, polyurethane, epoxy, or whatever, 
on your printed circuit assemblies, with 
HumiSeal®° Model 300 Dip Coating System. 
Our Model 300 is low in cost, but high in 
efficiency. It’s a bench-top unit, extremely 
rugged, easy to operate, and meets require- 
ments for use in hazardous locations. To find 
out all the other good things about it, write 
or call HUMISEAL® Division, Columbia Chase 
Corp., Woodside, NY 11377. (212) 932-0800. 
Cable: COLTECHNIC, New York. 


DIP COATING SYSTEM 236 





VERSATILE 3-1/2 DIGIT AC POWERED DPM 
Dynamic Sciences— announces the introduc- 
tion of a versatile 3-1/2 digit AC powered 
digital panel meter (DPM). The meter is de- 
signed with an unusual degree of flexibility, 
allowing the user to meet a wide range of 
requirements in terms of voltage ranges and 
the necessary offsets needed to match trans- 
ducer inputs to the DPM. It has an accuracy 
of 0.05% of a reading, plus or minus one digit 
over a 120-day period. DYNAMIC SCIENCES, 
16150 Stagg St., Van Nuys, CA 91406. (213) 
997-6414. 


POWERED DPM 237 








HOME COMPUTERS CAN MAKE YOU RICH, Joe 
Weisbecker. Provides a Wealth of down-to- 
earth money-making opportunities in the field 
of personal computing. For the home com- 
puter beginner or microcomputer expert, the 
book includes dozens of ideas potentially 
profitable for you. 5177-8, 128 pages, $5.95. 
CIRCLE THE INFO RETRIEVAL NUMBER TO 
ORDER 15-DAY EXAM COPY. When billed, 
remit or return book with no obligation. 
Hayden Book Co., 50 Essex St., Rochele Park, 
NJ 07662. 
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PRECISION DRAWN 
Company (Metals) Limited has released their 
new technical data and catalog on high fre- 
quency transmission waveguide. The data 
contains information on operating ranges, 
dimensions, and materials available in both 
rectangular and circular waveguide. The 
catalog is available at no charge from their 
national distributor, Connolly & Company, 
Inc., 914 North Rengstorff Avenue, Mountain 
View, Ca. 94043, (415) 967-6988. 


PRECISION DRAWN WAVEGUIDE 239 
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SMALL, PORTABLE DISCHARGE PRINTER 
DC-1206B prints 12 characters/line nominal, 
but is capable of 15 columns. Sized for 
portable, hand-held equipment it is 1.7” H x 
3.2" W x 3.7” D, weighs only 5.3 ounces. It 
prints 5 lines/sec. on 1.4” paper. It’s priced 
at only $52 in 100 quantity. Other printers 
with interface electronics available. HYCOM, 
16841 Armstrong Ave., Irvine, CA 92714(714) 
557-5252. 
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E-T-A COMBINATION SWITCH/CIRCUIT 
BREAKERS Combination saves you money 
because it eliminates using individual switch, 
circuit breaker or fuse and light. You buy, 
stock, mount and wire only one component. 
Very high reliability with 50,000 cycles me- 
chanical and 25,000 cycles at rated load. Six 
handle colors. Lighted version available. Cur- 
rent ratings from 3 amp thru 16 amp at 250 
Vac (125 Vac). UL 1077 and other world-wide 
approvals. Single pole about $2.50 in produc- 
tion quantities. E-T-A Circuit Breakers, 7400 
N. Croname Rd., Chicago, IL 60648 
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Ultrasonic Pulse Generators drive piezo- 
electric transducers. The plug-in modules 
simplify ultrasonic system design. High 
energy outputs available up to 700 volts 
into 50 ohms, with 10 nsec risetime. 
Modules contain pulse rep rate clock 
variable to 10 kHz, or the output pulse 
may be triggered externally. External 
sync output pulse coincident with main 
bang. Trigger, sync TTL-compatible. 
MetroTek, Inc. (509) 946-0684 


ULTRASONIC PULSE MODULES 241 
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MINI-STEPS . . . MAXI-STEPPERS PM and VR 
steppers—responsive and precise—with slew- 
ing rates to 20,000 steps/sec and higher. EAD 
offers an unlimited range of step angles, 
frame sizes and configurations. High torque/ 
size ratios. Options: dampers, heat sinks, 
encoders, pulse sources, drivers, preset index- 
ers. gearheads and more. Send for catalog. 
Eastern Air Devices, Holtzer-Cabot Motors, 
Dover, N.H. 03820, 603-742-3330. Syn & Ind 
Motors ¢ Gearmotors @ Fans e Blowers 


STEPPING MOTORS 244 





MICROPOSITIONER POWER STAGES Trans- 
lation Stages have single axis movement to 
125mm; stackable for XY or XYZ Motion; zero 
backlash; & positioning to within 1 yu. Motor 
Or manual operation. Rotation Stages are 
backlash free thru 360°: resetable to 0.001 
arc degree. Motor or manual operation. Re- 
quest. Catalog 409. Klinger Scientific, 110-20 
Jamaica Ave., Richmond Hill, N.Y. 11418, 
(212) 657-0335 
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Mini/Bus® PC bus bars—When you want to 
take power and ground traces off the board 
to have more board area for signal intercon- 
nections, have higher density packaging, 
avoid multilayer boards, and reduce number 
of decoupling capacitors, use MINI/BUS® PC 
board bus bars. Rogers Corporation, 
Chandler, AZ. 85224. Phone: (602) 963-4584. 
EUROPE: Mektron N.V., Gent, Belgium JAPAN: 
Nippon Mektron, Tokyo. 


PC POWER DISTRIBUTION 246 





ADC 1215L 15 BIT A/D CONVERTER, specially 
designed to digitize high-speed analog input 
signals, has a conversion time of 5.5 usec; 
accuracy: +0.004%; high resolution: 15 
binary bits or 2’s complement; linearity: 
+0.002%; power consumption: 2.2 watts. All 
ADC 1215L A/D converters are tested and 
calibrated system-ready modules, except for 
power supply. Phoenix Data’s SAH 1215 DP-5 
is specially designed to operate with the ADC 
1215L for 160 KHz systems operations. PHOE- 
NIX DATA, INC., 3384 W. Osborn, Phoenix, AZ 
85017. PH 602/278-8528. 


15-BIT A/D CONVERTER 247 

















MAGNETIC SHIELDING Take advantage of 
Eagle’s 23-year background in shield design 
and production. Custom and_ standard 
models. Full service includes design, engineer- 
ing, fabrication, heat treating, finishing, test- 
ing. Also wide selection of sheet and foil so 
you can form your own shields. For helpful 
design and cost data, request Bulletin E-77. 
Eagle Magnetic Co., Inc., Box 24283, Indian- 
apolis, IN 46224, 317-297-1030. 
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HEURIKON MLZ-DAQ MICROCOMPUTER 
sports ADAC ADAM-12 A/D module providing 
12 bit res. 16/32 Ch. analog input. Program- 
mable gain optional. Other features include 
Zilog Z-80 CPU, 2 RS232C ports, dual baud 
rate generator, 4 8bit ports, 4 counter/timers, 
1K RAM, and 4/8K EPROM. Designed for Intel 
MULTIBUS users, cards and systems are avail- 
able. HEURIKON CORPORATION, 700 W. 
Badger Rd., Madison,- WI 53713, 
608-255-9075. 
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DEC LSI 11/2 CENTRAL PROCESSOR (KD11 
HA) with power fail/auto restart and 32K x 16 
RAM MEMORY BOARD. Two boards. Special 
$1095.00 DEC LSI 11/2 CENTRAL PROCES- 
SOR (KD11 HA) and multifunction board 
(MXV11AA) includes 8k byte ram, 60 HZ clock, 
two serial I/O ports, accepts UV prom which 
can be configured as 512 byte bootstrap. Two 
boards. Special only $1095.00 Chrislin In- 
dustries, Inc. 31352 Via Colinas #102 Westlake 
Village, CA. 91361 (213) 991-2254 

LSI 11/2 MICRO COMPUTER $1095.00 
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MEDICHARGE, LTD have developed a series of 
STANDBY BATTERY PACKS that are ideal for 
maintaining MEMORIES in the event of power 
failure. Specially designed for use with CMOS 
memories; automatically protecting your 
RAM, and other applications. These SILVER- 
ZINC RECHARGEABLE BATTERIES are avail- 
able in 3 volts or 4.5 volts with choice of 
SOMAh or 200MAh capacities, and are also 
available with their own charging and 
switching circuitry. Brochure available from 
SALJAC ENTERPRISES P.O. Box 5337 Beverly 
Hills, CA 90210 


MEMORY STANDBY BATTERY PACK 251 





New 50mA CURRENT REGULATING DIODE 
Crystalonics offers new line of very high 
current regulating diodes, including a 50 mA 
device. CIL350 Series ranges from 11mA to 
50mA, has high source impedance and peak 
operating voltages of 45V Max with selections 
available to 65V Max. Ideal stable reference 
currents for TC zeners, high stability biasing 
for oscillators, & protection for IC’s. Free short 
form catalog & data sheet. TELEDYNE 
CRYSTALONICS, 147 Sherman ST., Cam- 
bridge, MA 02140 (617) 491-1670 TWX: 
710-320-1196 
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HIGH VOLTAGE SILICONE DIODES FOR CRT’S 
AND MULTIPLIERS. From the world’s leader 
in television diodes. TR SERIES — 12,000, 
15,000, 22,000, and 30,000 peak reverse volt- 
ages for 85°C ambient temperatures. QR 
SERIES — High Temperature 12,000 and 
22,000 PRV’s, for 100°C’ ambient tem- 
peratures. TL, Ol — Long lead versions. 
TVSL/TVS SERIES — 22,000, 30,000, and 
35,000 KV for B & W. TVR — 20, 30 .235” Dia., 
1.5” long 20 and 301 KV. Write or call Elec- 
tronic Devices Inc., 21 Gray Oaks Ave., 
Yonkers, N.Y. 10710. (914) 965-4400. 


CRT RECTIFIERS 253 
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THE 8086 PRIMER: An Introduction to its 
Architecture, System Design, and Program- 
ming, S. Morse. Written by the man respon- 
sible for the architectural definition of the 
8086 processor. Describes the 8086 chip in 
depth, the motivation for the design of the 
chip, corrected procedures, and_ internal 
architecture. #5165-4, 224 pages, $8.95. CIR- 
CLE THE INFO RETRIEVAL NUMBER TO OR- 
DER 15-day exam copy. When billed, remit or 
return book with no obligation. Hayden Book 
Co., 50 Essex St., Rochelle Park, NJ 07662. 
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SBC SERIES power supply by LITE-CON The 
SBC series of OEM power.supplies represents 
a new concept incorporating standard JEDEC 
components. By optimizing the heat sink 
extrusion and packaging technology LITE- 
CON is able to reduce the overall volume of 
these linear supplies by 40% while isolating 
heat generating and heat sensitive compo- 
nents. All components are accessible and 
replaceable without disassembly. AVAILABLE 
FROM: LITE-CON, INC., Brownsville Compress 
Bldg. T-113, P.O. Box 3342, BROWNSVILLE, 
TX. 78520 (512) 541-4112 
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inenergy costs. 


Free booklet explains how to 
manage energy to save money. 


The big challenge facing every American company 
today is how to make the most of the energy we have. 

The big trick is how to find out exactly how much 
energy you're using and how much you are spending 
for it. In short, a complete analysis of your energy use. 

The Alliance to Save Energy offers an energy 
accounting and analysis system developed by The Car- 
borundum Company which spells it out simply and 
powerfully. It helps you determine how and where 
your company consumes energy, shows how to mea- 
sure it against previous consumption, and recommends 
ways to conserve energy and save money. Using this 
system, many companies have found ways to save 
thousands of dollars with little or no capital outlay. 

The Alliance to Save Energy will happily send you 
one or more of these booklets. We want to do all we 
can to help you help America preserve its precious 
resources. 

Saving energy has its management rewards—not 
only in the warm feeling you get from contributing to 
the nation’s welfare, but in cold, hard cash. 

For example, one car manufacturing company dis- 
covered that by changing its type of primer paint (with 
no loss in quality) it could reduce the bake temperature 
and drastically cut energy consumption. Cost: $1,800 a 
year. Savings: $13,000 a year. 

Real estate management people found that by 
switching from standard bulbs to low-energy bulbs 
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they lit the way to a savings windfall. Ten year main- 
tenance cost: $10,304. Ten year pre-tax savings: $50,026. 

The remarkable feature of this energy accounting 
system is that it can be applied successfully to almost 
any kind of structure—office building, hospital, hotel, 
store, factory, refinery. The Department of Commerce 
has voiced its enthusiasm for this energy-saving system 
in the halls of Congress. 

No matter what business you’re in, you’re sure to 
save energy and energy costs through the application 
of this system. 

Send for this booklet today. Fill in the coupon 
below. 


ALLIANCE TO SAVE ENERGY 
1925 K Street, N.W., Suite 506, Washington, D.C. 20006 





Please sendme copy (copies) of The Carborundum System of Energy 
Accounting and Analysis booklet. 








Name 





Company Name 





Company Address 





Type of business 





City State Zip 


A Public Service of This Magazine 
& The Advertising Council 
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ELECTRONIC DESIGN 8, April 12, 1980 


25 years ago, Leonardo da Vinci 
foresaw the Seace Shuttle: 












“The Great Bird take its first f light upon the 


of the Great Swan, filling the world with amazement.” 


EONARDO da Vinci was describing hisown 
aircraft plans in the year 1505. 


Although Leonardo is best remembered for 
his art, he earned his living by designing new 
machinery and technology for his country’s 
defense. We consider him to be one of the 
world’s early Systems Architect/Engineers. 


The primary mission of The Aerospace 
Corporation is to provide general systems 
engineering and integration for the U.S. 
government, primarily Air Force space 

“programs. 

Activities at The Aerospace Croporation are 
concentrated in three technical division — the 
Engineering Group, the Programs Group, and 
the Development Group. Career Opportunities 
in these groups exist in the following areas: 


Communication/Satellite 


Traveling Wave Tube Amplifier Engineers 
RF Engineers 

Spaceborne Digital Electronics 

Satellite Integration and Test 

Electrical Circuit Engineers 

TT&C and Power 


Optics 

Infrared Focal Plane Engineers 
Infrared Optical Systems Engineers 
Optical Design and Analysis Specialists 
Infrared Detector Spacialists 
Electro-Optical Systems Analysts 
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Communication/Telemetry 


Communications Systems Engineers 
Communications Systems Analysts 
Positions available in both Los Angeles and 
Bay area. 

Command and Telemetry Engineers 
Satellite Borne Communications 

RF Systems 

Data Communications Systems 

Positions available in both Los Angeles and 
Bay area 

Communication Technology 

TT&C Systems 


Reliability 

Component Engineers 

Failure Analysis Engineers 

Product Assurance Engineers 

Product Design Engineers 
Reliability/Maintainability Systems Engineers 


Electronics/Electrical 


Advanced Systems Project Engineers 
Microwave Research Scientist/Engineer 
Radar Systems Engineers 

Electronic Circuits Analysts 

Power Systems Engineers 

Digital Circuits 

Electronic Payload 

Electric Utility Systems Planning’ 
Electrical Systems Test 

ECM Systems 

Spacecraft Systems 


You'll like it here at The Aerospace 
Corporation. We offer an excellent salary and 
benefits program including fully paid medical 
and dental insurance, full tuition 
reimbursement, seven year vesting retirement 
program, tax-deferred savings plan, 3 weeks 
vacation your first year and 4 weeks after 3 
years. 


Successful candidates should have a 
minimum of a BS in Engineering/Science and 
at least four years of recent directly related 
experience. 


Qualified individuals are invited to forward 
resume with salary history and salary 
requirements to: 


Professional Placement 
Box ED 480 

2350 E. El Segundo Blvd. 
El Segundo, CA 90245 


The 


Aerospace 
Corporation 


The Systems Architect/Engineer 


US. Citizenship Required 
Equal Opportunity Employer 
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ALL YEAR ’ROUND YOU'LL BE THE #1 PLAYER WITH 


GRIDIRON! 
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Now, you can be both the offensive and defensive 
quarterbacks and make all the right decisions. GRID- 
IRON: A MICROFOOTBALL GAME is a real-time, 
pad-crunching version of the American game of foot- 
ball. As the offensive quarterback, you have a maxi- 
mum of 25 seconds to select one of eleven plays. 
And the defensive team may choose from ten defen- 
sive plays in the same amount of time the offensive 
quarterback used. Each team is allowed three time- 
outs per half, and each is provided a five-second op- 
portunity to call a time-out prior to each play. But, 
you can be penalized for delay of game. And, the 
kicking game offers the choice of kickoff, field goal, or 
punt. Every play, and step-by-step progress and out- 





come of the play are displayed on the playing field. 
Following a touchdown, the scoring team has the op- 
tion of trying for either a one or two point conversion 
as in college football, while the defensive player is 
given a.choice of plays. A scoreboard that is dis- 
played for ten seconds after every play indicates the 
score, the team in possession, the current quarter, 
the current down, yards to go for a first down, the 
line of scrimmage, and time-outs remaining in the 
quarter for each team. GRIDIRON: A MICROFOOT- 
BALL GAME, is both challenging and fun. And now, 
you can make the decisions and call the plays all year 
round, seven days a week. #03003, TRS-80 Level 
ll, $12.95 


Available at your local computer store! 


Or Write To: Hayden Book Company, Inc. 50 Essex Street, Rochelle Park, NJ 07662 


Check out these and other Hayden Computer Program Tapes: 


SARGON Il e MAYDAY e CROSSBOW e SONGS IN THE KEY OF APPLE e 
ENGINEERING MATHEMATICS-1 e GENERAL MATHEMATICS-1 ¢ COMPLEX 
MATHEMATICS ¢ KEYNOTE e BACKGAMMON e BATTER UP!!: A MICROBASEBALL 


GAME e GAME PLAYING WITH BASIC 





Hayden — the computer program tape publisher! 
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Available from stock. 
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of,an accel life : screening ton 
generally- reserved ae = space § y 


a stress designed 
time-related failu 


the asennad unit. Back compld 3 eye 4 experiences: 

1. Burn-in for 96 hours at 100 with 8 mA at 1 KHz. 

2. Thermal shock. 

3. Gross and fine leak tests (per *STD 202). 

And the three-year guarantee SRA- 1 is’still only $7.95! 
Of course, the additional testing adds to our cost, 
elUhamolej amerelabdialeliaremese)pnvanipcaal-a) @li-wecelmela‘-) au e/-1aie) gaat: later: 
Plalemaciit:]eliina ameiapaar:hceialsre mse) melpeadal-tral-iai 
Double-Balanced Mixers. 

Jovan ce) ae) of [ei- Me] au aulele(-vemiale(et-year-)m-]e) eli ler-herelal-e 
ensure highest system reliability by specifying 
SRA-1 mixers, the only Doubled-Balanced Mixers 
with a three-year guarantee. . . from 
Mini-Circuits where low price goes hand in 
hand with unmatched qualify. 


SRA-1 
FAodel 


Bie range (Mrz) 


Min. Electronic Attenuation (20 mA) 3 dB Typ. 
Signal, 1 dB Compression Level + 1 dBm 
Impedance All Ports, 50 Ohms 

LO Power + 7 dBm 
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2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 
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